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INTRODUCTION. 



Ill the Universal Exhibition at Paris in 1867, the 
United States of America occupied a conspicuous 
position. This fact constitutes a suiricient reason 
why France should respond witli equal cordiality 
to the invitation to compete in the Universal Exhi- 
bition at Philadelphia in 1876. 

The Ministry of Public Works has viewed the 
matter in this light, and the same measures have 
been adopted as at the exhibitions of Paris, London 
and Vienna. A commission has been appointed to 
make a collection of models, charts, and drawings, 
adapted to convey some idea of the works of the 
ff Ponts et ChausseesT and the Mines during the last 
few years. 

The great railway companies have been solicited 
to co-operate in this work, and have answered the 
appeal with their usual promptitude. 



H I.NTIiODl CTION. 

It must however h(* mulerslood, llial the Govern- 
ment leaves to each department the responsibility 
as well as the merit of its own works. 

Descriptive notices have been added, {jiving accu- 
rate details of the models, charts, and draw ings, and 
the visitor is thus enabled to arrive at a correct ap- 
preciation of the utility and importance of the various 
works exhibited. Such is the object proposed by the 
present volume, which is divided into three parts: 

FIKST PART. crPONTS KT CHAISSEKST. 

(ieiieral documents. 

r' Section. — Roads. 

a"' Section. — Kailwa)s. 

3"' Section. — Internal navigation. 

V' Section. — iMaritime works. 

5''' Section. — Lighthouses and beacons. 

G"' Section. — Water supply of towns and canals. 

7''' Section. — Various objecfs. 

SECOND PAHT. Mr\KS. 

l'nii|ue section. — Oliarls and various ol)jects. 

AODITIONAI. PAHT. INSTALLATION. 

Indusiria] co-operalion in tlie installation of the objects 
e\hil)it(*d bv tlie Minister ot Public Works. 
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And finatly, in order to place these explanatory 
notices within the roinprehension of all, i( has been 
decided that the text of this catalogue should b(» re- 
produced in an Knglish translation made with the 
{greatest care. 

The iVlinistrv o( Pubhc \\orks has ronlided the 
(execution of ihis task to \l. David (Ioalks. transhi- 
lor, and it constitutes a se[)arat(» \olunie intended 
lor American visitors whose knowledge of the French 
lauguage is comparatively limited. 

No space inside the Pahice of Philadelphia having 
been placed at the disposal of the Ministry of Public 
Works, they have been induced to construct a spec- 
ial building at their own expense. 

The plan of this construction, its artistic deco- 
ration, the grouping of the uiodels, charts, and 
<b*awings, are due to M. ok 1)autki>. engineer frdes 
Pouts et Chaussees^, professor of architecture at the 
Polytechnic School, and at the t Kcole des Pouts ct 
(ihauss<^esT?. 

M. Lavoinnk, eugineer cedes Pouts el (Ihausseesii, 
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and M. d'Hervilly, coiiduclcur, have been dis- 
palclied lo llie IJiiited States to iiislal the Public 
Works Exhibition , and are uislructed to furnish all 
explanations desired by foreign engineers. 



PREFACE 



BY THE TRAIVSLATOR. 



In rendering an ordinary work into a foreign lan- 
guage, some latitude is usually conceded with re- 
gard to idiom and construction, and provided that 
the ideas of the author be felicitously expressed, 
the translator is, for the most part, privileged to 
use his own discretion in the choice of words. In 
the present work, which is, properly speaking, the 
scientific expression of France to America, no such 
liberties were permissible, and the translator has 
therefore deemed it an imperative duty to follow 
the French text with rigorous exactness. 

In some instances the French words have been 
retained, there being no English equivalents to desi- 
gnate them with sufficient accuracy. 

This course has been necessary in the Notices on 
internal navigation, and especially in those referring 
to the Mining and Geological sections. In doubtful 
cases the French word has been put in a parenthesis. 

The word rrdike^ has been employed to indicate 
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a sea wall constructed entirely of sloiie, as in the 
port of Marseille, Saint-Jean-de-Luz, etc. 

In conclusion, it need only be said that the best 
authorities have been consulted for a faithful rend- 
ering of the technical words. 

The translator avails himself of this opportunity 
to acknowledge the valuable assistance rendered 
by M. Malezieux, engineer in chief and professor, 
and M. Witcomb, professor of English, both of the 
(rEcole desPonlsetChauss^esTi; likewise bvM. Ellis, 
civil engineer. 

Thanks are also due to M. Emmery, inspector ge- 
neral cr des Ponts et Chauss^es -n and Inspector of the 
School, for the kindness with wiiich he has atlbrded' 
every facility for the execution of this work. 

David COAI.KS, 
Translator. 



FIRST PART. 



'FONTS ET CHAUSSfeES.'' 



GENERAL DOCUMENTS 

OK 

THE LINES OF COMMUNICATION IN PRANCE. 



A map on a scale o(j^^^^ ( i metre for .Sao kilometres). 

A volume of text iIl-8^ 

The lines of communication in France are divided into 
terrestrial, Jluvial and maritime. 

The terrestrial lines comprise roads and railways. 
The roads are subdivided into nationcd and departmental. 
The fluvial communications embrace rivers and canals. 

■ 

These difTerent modes are shown on the map in the 
following manner : 

National roads are represented by a dark brotvn line; 

Departmental roads by a line of the same colour but nar- 
rower; 

Railways are indicated by a white line; 

Navigable rivers and canals by a blue line. 

A conventional representation of the mountains shows 
the summits of the watershed and the large rivers occu- 
pying the intermediate valleys. 

The principal lines of maritime navigation are figured 
by ffold lities. 

Various depths of the sea from loo, 90 0, and 5oo to 
1,000 metres, are shown by red lines. 

1. 



h GENEIIAL DOCUMENTS. 

White circles mark the luminous ranges of tlie diflferent 
lighthouses on the coasl.^ 

The map includes also the principal towns, which are 
distinguished as follows : 

(Ihief towns of departments are represented hy gilt hol- 
low-topped buttons; 

Chief towns of «arrondissements?9 by blach dots; 

Seaports are shown by Jl/il gilt buttons of two sizes; the 
larger buttons indicating particularly the great ports. 

The text, relating to the lines of communication, com- 
prises roads, bridges, railways, rivers, canals, seaports, 
lighthouses and beacons. 

Each of these plivisions forms the subject of a special 
chapter, in which are condensed, the principal historical, 
technical, administrative, and commercial facts appertain- 
ing to it, extracted from olFicial documents. 

The map has been drawn and painted by M. dr Dar- 
TEiN, Government engineer and professor at the «Ecole 
des Ponts et Chausseesjj, with the assistance of MM. Bou- 

LARD and ClKSIELSKl. 

The text has been compiled by M. Felix Lucas, Govern- 
ment engineer, attached to the ministry of Public Works. 



FIRST SECTION. 
ROADS. 



II 

VIADUCT OF DINAN, 

ON THE RAINCE. 

(national road n" 170.) 



Model of three arches, scale of o^fO^ (one tweuly-fiftli ). 

This viaduct was built for the national road n*" 17G, 
and is 3i5°*,5o in length. It consists of only one stage 
with ten semicircular arches of 1 6 metres span , 1 metre 
in thickness at the key, and G",75 in breadth between 
the heads. 

The roadway is /ii'",3o above the level of the canal of 
llle-et-Rance, and the top of the parapet of the highest 
pier is 4()°*, i5 above the foundation rock. 

The part of the piers visible, or above ground (the 
foundations being about 10 metres in depth) is :!7"*,Co 
in height, of which the basemiMit is 7"*, 80, the shaft or 
l)ody, 18"', ^10, and the crown i'",/io. 

The piers are vertical, and have a uniform section of 
'i metres by 6'",65; they are Hanked by small buttresses 
9 metres in breadth, with a projection of o"*,r)() under 
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the cornice and i'",76 at the base, thus giving a diminu- 
tion or tapering of o",o3/i per metre. 

The abutments are 4 metres in thickness, 6",65 in 
breadth y 8 to 9 metres *in height, and have return walls 
38",5o in length, on the left, and 81 metres on the right 
bank, forming a total length of 3i5*,5o, of which, the 
length in the clear, between the abutments, is, 1 96 metres. 

Two longitudinal galleries extend between the abut- 
ments, and communicate with each other by openings in 
each pier; they lessen the mass and wieight of the ma- 
sonry, and facilitate the inspection and repair of the tops 
of the arches. 

The necessary drainage having been effected by pump- 
ing, the foundations of the piers were laid on the solid 
rock, and are 10 metres in depth. The pressure at the 
top is 6**,5o, at the base level 9*'^5o, and on the rock 
8^8 o. 

The cost, including 81,196 fr. 97 cent, for the roads 
to the approaches of the viaduct, was 1,047,789 fr. 
/ia cent., or 1 o3 fr. 65 cent, per square metre of elevation. 

The work was accomplished between i846 and i85a, 
under the direction of MM. Mkquin and Gayffibr, chief 
engineers, and M. Fessard, resident engineer tides Fonts 
et Ghauss(^es7). 



ill 

BRIDGE OF ARCOLE, 

ON THE SEINE, PARIS. 



Model, scale of o^.o^ (one twenly-fidh). 

This bridge comprises only a single iron bay, with a 
span of 80 metres and a rise of 6'",i3. The breadth be- 
tween the balustrades is qo metres, viz la metres for the 
roadway and U metres for each footway. It is composed 
of twelve ribs, of which the intermediate ten are i",33 
apart, and the two outside ones S'^ySo. 

Each of these ribs comprises three distinct parts : a 
lower arch, a string piece, and a rigid spandril uniting 
the arch and the string piece. 

These arches, having a double T section, are o'",38 in 
height at the key and 1 °*,3o at the springing. The vertical 
web o",oi, in thickness, is joined by four angle irons to 
the upper and lower horizontal flanges : these are o"',53 
in breadth by o™,o^/i in thickness, for the four outer 
arches, and o°*,0 2 8 for the eight intermediate arches, 
which are less distant from each other; and are for- 
med of two or three plates of sheet iron, o",oi5 and 
o™,oiii thick, fastened together by four rows of rivets. 
The arches are also stiffened by a series of T irons, in the 
shape of a polygonal horseshoe, riveted to the web as well 
as to the flanges, with a space between of about i™,5o. 

The siring pieces crowning the spandrils are in simjile 
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Tiron, of wliicli the horizonlal flange is o"',3o in breadlli 
by o™,o 1 5 in thickness; the vertical web is o"',3o in height 
and o'",o i o in thickness. For about a i metres on each side 
of the key, the web of the string pieces extends to the arch , 
to which it is riveted, so as to form a spandril partly in 
openwork. These string pieces penetrate the abutments, 
and arc firmly embedded in the masonry. 

With the exception of the central part, where they are 
formed by an extension of the string pieces, the spandrils 
are made of double T iron, arranged to present a series 
of V and W, the tops of the latter being all placed on a 
middle arch , nearly equi-distant from the string piece and 
the extrados of the large arches. 

The ribs are strongly braced : 

I. By a double series of fifty two T irons, o'",!io by 
o'",io, three metres apart, and riveted to the intrados 
and extrados of all the arches: 

a. By a triangulation in zigzag, formed by forty eight 
fish-bellied connecting bars, and extending between each 
outside arch and the next rib : 

3. By twenty four hollow tubes, crossed by iron bars 
(>",o3 in diameter, and placed perpendicular to each of 
the roses of the spandrils; 

A. By the flooring m Barlow rails, riveted to each rib. 

This work was constructed in i85/i and i855, ac- 
cording to the plans, and under the superintendence of 
M. OuDRY, engineer «des Fonts et Chausseesr. 

i,QOo tons of iron were (^mnloved. The cost, bv con- 
tract, was i,i5o.ooo francs, or alxMit 700 francs the 
superficial metre. 



IV 
SWING BRIDGE AT BREST. 



A model of the bridge on the scale of o^'^oa (one fidicth). 

A model of the tower and a its mechanism on the scale of o*", i o 
« (one tenth). 

Perspective view of tlie commercial port. 

General arrangement. — This bridge affords communi- 
cation between the towns of Brest and Recouvrance, se- 
parated by the Penfeld , at a height of 2 9 metres above 
the zero of the scale of tides. The clear space above high- 
water mark is i9"*,5o. The distance between the facings 
of the abutments is 1 7 4 metres. The two iron flaps, com- 
posing this length , are supported respectively by a circular 
pier, of which the upper diameter is 1 o'",6o. The distance 
between the piers, from centre to centre, is 1 17 metres; 
the clear breadth of the passage is therefore about 1 oG me- 
tres, when the bridge is open. This breadth is nearly the 
same as that of the channel which forms the naval port, so 
that the construction of the bridge, which is situated at 
the entrance , has offered no obstacle to the passage of 
ships of war. 

Bridge Jlooring. — The two flaps which carry the floor- 
ing are each 7^,79 in height at the piers, and i",4o at 
the ceqtre extremities. The roadway is 5 metres in breadth, 
and the footways i*",! o. Each flap is formed of two gird- 
ers, each girder being composed of an upper and lower 
piece, T shaped in ihe seclion , and braced by uprights and 
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cross-ties in the form x . In the perpendicular of each 
upright, the girders are bound by lies and pairs of dia- 
gonal stays. As the bridge, while turning, is subject to 
deflection, transversal to its length, it was indispensable 
to strengthen it considerably in this direction. With this 
view advantage was taken of the flooring. It was made of 
two courses of timber, overlaid so as to cross all the joints, 
and thus constitute an inflexible surface, while undef- 
neath , the girders are bound and strengthened by a com- 
plete network of cross-ties and pairs of diagonal stays, 
extending from the centre of rotation the whole length of 
the bridge. 

The breech of each flap is in the form of a chest, and 
contains the counterpoise weight, necessary to preserve 
the equilibrium. The most diflicult point in the construc- 
tion of the flaps, was the arrangement of the parts 
above the piers, since it is here that the action of dead 
weight is experienced, as well as other efl*ects due to 
rotation. It was necessary to protect the frame work 
against these strains, and being placed on a bed of fric- 
tion rollers, it was efl*ect essential to distribute the weight 
as equally as possible upon all the rollers. To effect this 
tlie division of the girder uprights has been regulated so 
as to correspond with the middle of the friction rollers, 
and thus form four principal points of support, which 
are, strengUiened by means of pillars. These pillars are 
bound together by four strong diagonal stays, in addition 
to a sheet iron tower strongly fastened, and having a plat- 
form at the top and bottom. This meeting of parts forms 
a solid foundation, in relation to the girders -and friction 
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beds, and consequently capable of performing the func- 
tions just indicated. 

Fruition tables. — These are the same in principle as the 
railway turntables, but have a diameter of 9 metres, and 
being subjected to a weight of 600,000 kilogrammes v 
the dimensions are necessarily considerable. There are 
fifty rollers, with an average diameter of o'",5o, and a 
length of 0™, 60. The tables have been turned with excep- 
tional care, and for this purpose special machinery was 
constructed at Greusot, at a cost of 76,000 francs. 

Machinery of rotation. — The immovable part of the 
turntables is furnished with cogs at its circumference, to 
which a pinion wheel corresponds, having its axis in the 
movable turntable. This pinion is turned by a cog wheel , 
moved by a second pinion, set in the main shaft. This 
last is vertical, and reaches to the flooring of the bridge, 
where it is fitted with a cross head for the capstan bars 
worked by the bridge men. The rotation finished, the 
capstan head is lowered under the flooring, and the 
bridge is immediately clear for trafiic. This machinery is 
at the sacne time simple , convenient , and powerful. Simple , 
because the action is nearly direct; convenient, because 
the men can watch the effect of the machinery from the 
top of the bridge; powerful, because the number of men 
working it, can be increased in case of necessity. 

Wedffing machinery. — To insure the stability of the 
superstructure, during the traffic, a system of chocks or 
wedges, has been adjusted in front and rear of the flaps. 
In front, they are simply iron bolts, which go from the 
end of one flap to the end of the o(her, thus binding tho 
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two together. In the rear, they are levers similar to the 
jaws of a vice in a horizontal position. The point seized 
by these levers , is formed by a piece of cast iron Ipt into 
the solid abutment. On the other hand, the axes of the 
levers hold to the framework of the breech. There are two 
sets of levers to each breech, and two sets of bolts at the 
junction of the flaps. In addition to this, to relieve the 
rollers of the enormous weight to which they are subjec- 
ted, two jack screws have been fixed at the commence- 
ment of the incline of each flap. These screws are sup- 
ported on plates bedded in the crown of the pier. Each 
of them is intended to raise one of the girders of the flap, 
and is formed of a strong screw fixed to the girder, and a 
female screw, of which the bead forms a cog wheel. This 
works on a vertical pinion, with a pulley for an endless 
chain. The chains of the two jack screws of each flap, 
work in a double pulley set in a vertical shaft, which 
moves a jointed capstan; this latter is lowered and kept 
under the flooring of the bridge. The jack screws are 
put in action before the bridge is open for traflic. 

The wovkitifr. — To work the flaps, the bridge keepers 
begin by withdrawing the bolts in the centre; then the 
wedges and chocks at the abutments. The rotation is 
efl'ected by means of the capstan above mentioned. In 
perfectly calm weather, with two men at each flap, the 
bridge can be o|)ened or shut in fifteen minutes at most. 

Masonry, — All the stonework has its foundation on 
the solid rock. The facings of the piers are in dressed free- 
stone; those of the abutments are in dressed <fuarry stone 
with chain courses of dressed ashlar at the angles. 



SWING BRIDGE AT BREST. 13 

Erection ojihe iron superstmcture. — This was effected 
by means of a foot-bridge, the flaps being parallel to the 
channel. The work Finished the flaps were brought toge- 
ther at the same level. Platforms had been fixed , for the 
observation of the level of high tides, in adjusting their 
elevation. 

Repairs. — A work like ihe bridge of Brest, containing 
such a number of pieces adjusted to each other, necessi- 
tated some foresight in respect of damage and wear and 
tear of metal. In this respect, the rollers and friction beds 
are in the same position as the rest of the machinery. It 
was necessary to isolate them, at need, from the pressure 
of the bridge, and arrangements were made for tem{)0- 
rarily establishing, on the solid piers, and below the 
girders, hydraulic presses, capable of a pressure of 
9 00,000 kilogrammes. The water is forced into all the 
presses by a single play of the pumps placed in the centre 
of th(» tower. These pumps are worked by hand like a fire 
engine. During the experiments made at the inaugural 
opening of the bridge, eight men raised the bridge some 
centimetres above the friction rollers in less than ten mi- 
nutes, and all the friction apparatus could be taken to 
pieces and reset without difficulty. 

Plans atid construction, — MM. Cadiat and Oudry exe- 
cuted the first designs of the bridge, but the plan carried 
out is (]ifferent, and M. Oudry alone is the author. 
All the masonry, wood and iron work was done by 
MM. ScHXEiDER and Company of Crtjusot, of whom M. Ma- 
THiKD is the chief engineer. MM. Maitrot de Vauenxes and 
ViMAiTRE, engineers in chief -rdes Ponts et Chaussees^, 
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and Rousseau, resident engineer, were appointed to the su- 
perintendence of the work. The masonry was sublet to a 
firm in Brest, and executed by M. Letessier de Launay, 
contractor. 

Measurement. — The weight of metal employed may 
be estimated as follows : 

Ironwork of all descriptions 860,000 kg. 

Fitted cRstiDgB. 3/io,ooo 

Total 1,900,000 kg. 

The cubic measurement of the wood, for the road and 
footways, is i5o cubic metres. 

Cost. — The cost of the bridge over the Penfeld was 
9,1 1 8,835 fr. 10 cent. This sum is distributed as fol- 
lows : 

Masonry of piers, abutments and ap- 
proaches 698,7/i3^lo 

Iron flaps 1,180,390 ,00 

Centres and mounting the flaps. ... 1 19,710 ,00 

Accessory work of flafis 5/i,A96 ,90 

On account for various expenses. . . . 65,665 ,1 o 

Total a,ii8,835',io 



BRIDGE OF SAINT-SAUVEUK. 

ON THE GAVE, PAU. 

(national road N'' 9 1.) 



Model une twenly-fiflli, scale of o'",o/i. 

This bridge , which serves the national road n° 2 1 , is 
formed of a single seroi-circuiar arch with a span o( 
/i9 metres. 

Length between the approaches 66"*, 90 

Breadth between the bridge heads U ,90 

Breadth between the outer faces of the balus- 
trades 6, flo 

Thickness at the key 1 ,hb 

Height of roadway above low water-mark 65 ,5o 

The carriage way is /i",5o in width between two 
footways o",85 in breadth, the cast iron balustrade in- 
cluded. These footways are corbelled out, and supported 
by brackets. 

The arch rests upon the solid rock, which thus serves 
for abutments. The crowns of the arch, brackets and 
plinths, are in dressed stone; the main body of the vault- 
ing, in rag-stone rubble and Vassy cement; andthespan- 
drils in calcareous rubbles, and fat lime, mixed with a 
tenth of VassY cement. 

For the construction of this bridge it was necessary to 
erect a scafTolding in the river Gave, and to carry a platform 
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level with the springing of the arch, in order to prevent 
any movement of the centres from their perpendicular. 

This scaffolding was composed of six uprights, two and 
two, in planes parallel to the axis of the bridge; the three 
uprights of each row being distant 6 metres, from centre 
to centre; two presented in the other direction a diminu- 
tion of o"',o5 per metre, and the distance between them 
at the level of the Gave, was 7'",7»^ , and at the level of the 
springing, 4 metres. 

These uprights were cross braced by twenty-eight ver- 
tical diagonal stays, twelve perpendicular, and sixteen par- 
allel to the stream; the system was completed by twelve 
horizontal cap-pieces, parallel to the heads of the bridge, 
with eight double ties perpendicular to them: the height 
between the Gave and the springers was thus divided into 
four stages, with a height of ()™,5o. Each of the lower 
uprights rested on a post of deal, fdled round with a py- 
ramid of cement, two metres in ihe slope. The uprights 
were o",35 by o™,35; the diagonal stays, o"',3o by o'",a5: 
the cap-pieces, ©""jSS by o",3o; the ties, o"*,3o by o™,95 
square. This foundation scaffolding required :^q() cubic 
metres of pine. 

The horizontal platform, la metres in breadth, was 
formed of cross beams resting on longitudinal beams, on 
the banks and centre piling, and supported by struts. In 
the same manner, this platform was built up to the lower 
part of the centre, in two stages, one 8 metres, the other 
6 metres, together ili metres in height. 

The centering comprised four ribs or frames: the two 
middle ones being i™,8o apart, and r",/i7.> from the head 
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centres. Each centre was composed of six beams, o^^So 
by o",35 square and 1 1",70 in length, mutually support- 
ing each other, two and two symmetrically, directly, or 
by means of tie-beams. These frames were bound toge- 
ther by two courses of horizontal ties, o",3i> by o",95 
and iB^jSo in length, sixteen queen posts o",3o by 
o'",3 0; forty courses of horizontal ties bound the four 
centres together. The cubic measurement of the deal was 
277 metres for the four centres. The centres were re- 
moved by means of jack screws, and the settling observed, 
was 0^,005. 

The works were commenced in 18G0, by order of the 
emperor Napoleon 111, and the bridge was opened for 
traffic on the So"' June 1861. 

The total cost was 818,637 francs, of which sum 
1111,099 francs were expended in provisional works. 
The superficial metre may be calculated at 989 francos « 
from which must be deducted 878 francs for the provi- 
sional works. 

The bridge was planned and executed by MM. Sch^rer 
and Marx, engineers in chief, and Bruniquel, resident 
engineer des <^ Fonts et Chauss^es. » 
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BRIDGE OF TARASCON, 

ON THE RhAnE. 

( LYON AND MARSEILLE LINE.) 

Model of an abutment, an arch, and a pier, scale oro'",o& 

(one twcnty-Gflh). 

This work was constructed lo form a connection be- 
Iween the principal line of the Lyon and Mediterranean 
Railway, and the roads on the right bank of the Rhdne, 
and consists of seven cast iron arches of 60 metres 
span with 5 metres rise. 

Length in the clear between the abutments A38'',(:o 

Breadth between the balustrades 9 ,08 

length of the piers (includin(; the two hulf-cylinders) 

at the «»nds ai ,00 

Breadth of Ihc piers 9 ,00 

_ ,. , - 1 r 1 .• i l'»nffth. . . n/i ,50 

Soud mass ol roiicrelo at llin fonnnation I 

( breadth.. 19 ,70 

I'liiform thickness of iron arrhos j ,70 

Thp piers, sulTiciently thick to form abutments, are 
corbelled out 1 metre at each springing of the arches, 
which gives 62 metres clear between two; the pressure of 
the arches is received by blocks of dressed granite. 
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Each arch is composed of eight ribs i"*,9 5 apart, ex- 
cept the outer ones, which arc i"*,35 from the others; and 
each rib is composed of a cast iron arch , fixed to span- 
drils, which support the continuous flooring also, the 
cornices, parapets, ballast and line. 

An arch is formed of seventeen voussoirs i°',70 in 
height, with a thickness of o",o5; they are provided with 
three courses of flanges o^'^oB thick, but the total breadth 
of the two outer ones is o^'^&o, and of the intermediate 
o°*,2o; an average thickness of 0^,096 is thus obtained 
for the voussoirs, which mutually support each other, by 
carefully finished joints o",4o in breadth, fastened by 
eight bolts o",o5 in diameter. The arches are connected 
by a double system of cross ties; the upper bracing is ef- 
fected by strong cast iron frames, forming a grooved pla- 
teau i",4i5 broad, o"",i8 high and o"",o4 in thickness, 
without including the flanges. They are placed on the 
upper flange of the arches, and, by a dove-tail mortise, 
hold simultaneously the two contiguous voussoirs, and 
rigidly maintain the position of the successive arches. The 
lower bracing, auxiliary to the preceding, only comprises 
half the number of lies, o",Gq5 in breadth by o^jiG in 
height, leaving the two contiguous voussoirs of the same 
arch perfectly free. The rigidity of this system prevents 
horizontal deflection by change of temperature. 

The spandrils are formed of uprights and frames. The 
uprights, though grooved, are rigid, and have a surface 
of i"*,io; they are placed perpendicular to each joint of 
the voussoirs; the frames, which are lighter and conside- 
rably grooved » vary in length according to the space be- 
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Iween the succi»ssive standards. These pieces are supported , 
either on the upper part of the voussoirs, or on the cross- 
ties between the joints, 

The flooring is composed of a series of plates o™,oi8 
in thickness, curved to 0^,09, bolted to each other and to 
the spandrils. A cast iron cornice and parapet complete the 
upper part of the structure. 

The bed of the river consists of sand, above a stratum, 
of gravel varying in thickness, but washed away by the 
action of the water to a depth of 1 metres. 

The piers rest on a solid mass of beton , contained in 
an enclosure of sheet piling, at a depth of 10 metres 
beiow low water. To drain this enclosure, it was necessary 
to drive a second row of piles 3",qo distant from the first, 
and in this space were laid four courses of square blocks 
o'",70 in height, and weighing about 6,000 kilogrammes 
each; these blocks prevented the shingle and gravel from 
falling into the excavation. A steam pile-driver was em- 
ployed. 

The weight of a pier is 11,000 tons; then adding 
1,100 tons for castings, 600 tons forballast,and3oo tons 
for the weight of two trains, a total weight is reached of 
1 3,000 tons on the sand, or 5 kilogrammes to the square 
centimetre. 

By means of the numerous tests to which the bridge 
was subjected, at the time of opening, it was ascertained 
that the cross bracing had the effect of lessening and re- 
gulating the difl'erence of temperature between the arches; 
that the rise at the key was o'",ooi35 per dejfree centi- 
grade; that the lowering at the key was in proportion to 
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the permanent weight, and o",oo475 per hundred tons; 
and that the addition of rolling weight, resulting from the 
simultaneous passage of two trains, caused a lowering of 
the keys from o",oo9 to o'^jOi i . 

The cost of the work was 6, Boo, coo francs, or about 
1,4 5 francs the superficial metre. A period of five years 
elapsed between the commencement and completion of this 
bridge, but this includes an interruption of eighteen 
months, and it was opened for trafiic in i8«S(). 

This wort was constructed by MM. Talabot, engineer 
in chief, and Dbsplages, resident engineer ^des Ponts et 
Chauss^es>». (See Annales des Ponts el Cliaussdes, i85/i.) 



VII 

IRON VIADUCT OF BUSSEAU-D'AHUN, 

ON THE GREUSE. 

(nOKiTLUgOIf AND LIMOGES LINK.) 



Model of a pier and fraction of the flooring scale of o'*',o& 

(one twenty-fifth). 

General drawing, scale of o'",oo5. 

This viaduct, constructed for the Montlu9on and Li- 
moges railway, crosses the river at 56",5o above low 
water-mark, and consists of six bays, four of which have 
a span of 5o metres, one 45™,2 5, and one /ii",9 5. 
They are supported by two abutments in masonry and 
five piers in iron framework, resting on basements in ma- 
sonry. 

Total length, including approaches 338"*,70 

Length of flooring a86 ,5o 

Height of rails above basement 38 ,90 

Height of girders U ,63 

Breadth between parapets 8 ,00 

I Total height 33 ,85 

Dimensions at lop 9'",oo by G ,00 

Dimensions at liase 3 ,/io by 10 ,90 

in \ I Maximum height above foniidalions. . 17 ,90 

^^^^' \ Masonry ) ^'™®"^®"* at lop a^.oo by 6 ,00 

Dimensions at base ta ,96 by i5 ,99 

Starlings G'tSr) in height. 9 ,89 by 6 ,53 

A pyramidal arranjrement has been adopted in these 
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liicDt; in ulher words, llie slandurds and basement tares 
converge towards a point in the nxis -of each pier, at a 
height of 38"'.8o above the rails. From this cin:^mstanc^^ 
ill addition to ttic dimensions o( the upper plateau, which 
is a rertan^le of ^ metres by 6 , it follows that the dimmu- 
liun u"'.o6'j, in the direction of the stream, is triple the 
(liminulioti o'",oaa, in the direction of the railway. 

Thi! iron work of each pier consists of eight cast iron 
pillars in two pier frames. The total height comprises, 
eifjht annular fool plates i",3q, joined by a cast iron ba- 
lustrade of the same height, which also binds the stone- 
work of the basement; seven staf>es. each '^"'.5o in height, 
consisting of standards or hollow pillars hound together by 
diagonal stays, a crown and hinged capital ■"',i5 in 
height and supporting the flooring. 

The pillars liave a uniform eslerior diameter of o-.^S 
for all (he stages; the tiiickness of the casting is o'°,o5& 
for the first stage; o'",o5o for the second and third; 
o'',o&!) for the fourth and fifth, and o"',o/io for the two 
last. The successive lengths are joined by four bolts 
o"',o^i5 in diameter. The pillars are 9 metres apart at the 
summil, and S^.^o at llic base; the plane of each stage 
consists of three s(]iiares in juxtaposition, iind this arrange- 
ment is observed throughout in the height of the pier. The 
srjuares are a metres by 6 at the crown, and S^.io by 
1 o",a o at the basement. The eight columns of each stage 
aro braced by pairs of diagonal slays , in the form of Saint- 
Andrew's cro,ss, six of which connect the pillars ofoneframe, 
and four uailc the two frames to each other. There are nho 
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of the pier in plan , and four perpendicular to it; these are 
all placed at the points of junctions of the successive stages. 
The cross bai^s are double and are formed of U iron o"*,i o 
in breadth by o^'fOi i in thickness, with branches o'^^otk 
ana ©""joAS projection. The braces are o"*,q5 in depth and 
o", 1 9 5 in breadth ; they are made of two T irons, arranged 
crosswise , each having o"", i ti 5 base , with the same height, 
and o'^Ol9 thickness. The horizontal cross bars, forming 
the diagonals of the three squares constituted at each stage 
by the ten cross braces, are in T iron, with a base o",07 
by o"*,ot2 in tliickncss and a flange o™,o6 by o",oii. 

To resist the effects of the wind and the traction strain, 
the standards have been strongly secured; for this pur- 
pose vertical rods, o",o6 to o",io in diameter, have been 
let into the masonry of the pier 3*", 70 to 5"*,5o and keyed 
below to plates; they pass through the foot plates, to 
which they are secured at the upper level of the balus- 
trade bv screw bolts inside the standards. A suificient 
initial tension was thus given to these bars, to prevent the 
traction strain from imparting a dangerous oscillation to 
the piers. 

Assuming the most unfavourable circumstances of excess 
weight, expansion, or wind, the maximum strain upon the 
outer standards would be /i'*,^ 5 of compression and o**,c)«j 
extension; while the action on the cross bars would be 
()''^3 of extension and on the braces •j'*,3. 

The annular foot plates exercise a maximum pressure 
on the crowns of the masonry piers of kS kilogrammes 
per vsquare centimetre. They rest on three courses of Volvic 
lava, of which the stones are o"\65 thick and more than 
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a'^^So in surface, so that the pressure transmitted to the 
masonry is reduced to 8 kilogrammes per square centi- 
metre. 

The metallic flooring consists of four girders, a metres 
apart from centre to centre, and connected so as to form 
a single piece extending from one abutment to the other; 
they are 4", 4 3 in height. 

Each girder is composed of two flanges joined in lattice. 
The flanges are o'^ySo in breadth by o^'^o&a in thickness, 
and are formed of three plates of iron, and two angle 
irons o"*,ao by o",io, and.o^'^oiG in thickness, holding 
the lattice. This lattice is made of flat iron bars to resist 
tension, and with double T iron to resist compression; 
they are o",i5 in breadth and'i"*,4o apart. The girders 
are additionally strengthened at each standard by strong 
vertical stifl*eners of double T iron, and two or three 
thicknesses of iron plate o'^yBo in breadth, o",9 in table 
and A^^^AS in height. 

The vertical bracing is effected by a series of diagonal 
stays k metres apart; they are in U iron o™, i o by o",o 1 1 
thick, o",o& projection, and crossed at half their height, 
by a flat iron bar o",o8 by o",09. Horizontally, the gird- 
ers are fastened by a series of diagonal stays, above and 
below, extending between the two central beams, bind- 
ing the girders two and two, and constituting the diago- 
nals of a succession of squares with sides of a metres. 
The principal abutment girders are only fastened to the 
next girders, by a series of single diagonals or half crosses; 
the U irons of all these crosses are o"',io by o*",oi i by 
o"*,o 'i projection. In the perpendicular of each vertical cross 
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is a brace , binding the three girders, and made of T iron 
o",i95 by o",i5 and o",oi3. 

The joists are a metres apart and placed at the top of 
the trellis; they are in T iron with a table of o^jiB by 
o",3o in height by o^jOi in thickness, and angle irons 
o",07 by o",oi9. Between two of them two strong angle 
irons have been introduced, o°*,tQ5 in depth and 
o",oi95 thick, which are riveted to the lower beams and 
trussing of the longitudinal rail-sleepers. This arrange- 
ment reduces to o"*,67 the distance between the points 
of support of the flooring, which is composed of runners 
o", 1 5 in thickness. 

Each girder has only one bearing upon the heads of the 
piers; and this plan has been adopted to avoid the une- 
qual distribution of weight between the standards of the 
two j)ier frames, during the passage of the trains. In fact, 
a single standard would have been subjected, at frequent 
intervals, to a compression of i 83 tons, and immediately 
afterwards, to a tension of 5o tons. Between each girder and 
the crown of the pier, a hinged capital has been interposed, 
forming a single point of support which allows the flooring 
to incline freely, wilh an oscillation of o°',oi 3 in each di- 
rection in the perpendicular of each frame, without straining 
its supports. The four capitals of a single pier are o",69 
in height, and are connected by two round iron bars ©",07 
in diameter. 

To prevent the additional strain on the standards, 
which would have resulted from the action of the flooring 
u|)on the piers, during a moveujent of expansion, friction 
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rollers have been placed on the small piers and on the 
abutments. 

The raising of ihe iron piers was effected by using the 
framing launched from the side, as a service bridge. This 
plan allowed all the parts of the pier to be lowered by 
means of a crane, and placed in position without a scaf- 
folding. 

The total cost amounted to i,5i&,989 francs, or 
4,478 francs per metre run and 1 q6 fr. per square metre 
of elevation, solid parts and spaces taken together. The 
average cost is 9,870 francs per metre of elevation from 
the basement at the rate of 87 francs per square metre; 
2,893 francs per metre of elevation for the iron pier, and 
9,705 francs per metre run for the flooring. In the iron 
part of one great pier were employed 1 00 tons of castings, 
at 48 centimes per kilogramme, and 56 tons of wrought 
iron at 60 centimes. The maximum deflection of the bays 
during the tests, was o"*,o 1 under.a uniform excess weight, 
and o°',09 5 for a bay loaded with 8,000 kilogrammes 
per metre run, between two bays, the one vacant, the 
other weighted with 1,000 kilogrammes per metre rpn. 

The viaduct was constructed from i863 to i865 un- 
der the direction of MM. Tdirion, engineer in chifef «des 
Fonts et Chaussdes n and director of the central lines of the 
Orleans Railway Company, Nordlixg , engineer in chief, and 
Gkoffroy, resident engineer of the same line. The iron 
work was executed by MM. Cail and Company. 



VIII 
IRON VIADUCT OF LA CfeRE. 

(figeac and aurillac line.) 



Model of a pier aod a fraction of the flooring, scale o°',o^ (one twenty-fifth). 

General drawing, scale o^tOoO. 

This viaduct was constructed on the C^re, for the pas- 
sage of the railway from -Figeac to Aurillac, and crosses 
the river at 35",3o above low water-mark. It consists of 
live iron bays, of which one is /ii"*,3 5, three 5o metres, 
and one 4 5"', 2 5, supported by two abutments in masonry, 
and four iron piers, resting on stone basements. 

Total length, including approaches 3o8'",5o 

Length of flooring 936 ,5o 

Height of rails ahovc basement 39 ,00 

Height of ginlers h , A s 

Breadth between parapets h ,5o 

IToUl height 33 ,87 

Dimensions at top. a^'^iw by 5 ,ou 

Dimensions at base '1 ,60 by 9 ,3o 

{Height above foundations.. 17 ,90 

Dimensions ( Top ti^^ou by la ,80 

of ellipses. \ Base 8 ,08 by 16 ,16 

This viaduct was planned by the same' engineers that 
directed the construction of that of Busseau-d'Ahun, and 
having been executed in the same foundries, etc., it pre- 
sents a strong resemblance to it in the detads. An impor- 
tant difference between the two consists in the fad of la 
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(^(■ii' viaduel heing rnnslructed for a single liiip nf rnit- 
way, supported by two girders S^.ao apnrt. 

Similarly, ihe pyramidal rorm has been iidlicrcd to m 
the piers, which sre in [runcaled elliptic cones or octagonal 
pyrnmids, havinfj a common summit 3i'",90. above the 



In order to reconcile this fornt with the brond and 
strong base retjuircd, as well a.s to make the flooring, of 
which the points of support form a rectangle of 3"',5o by 
4a metres, rest on the polygon formed by the tops of the 
standards, a polygonal arrangement has been adopted in 
plan for ihc piers. Their section is throughout, an octagon 
composed ofa central square, extended by two isosceles tra- 
peziums, of which the lesser side and height are e(]ual to 
half the side of the square. The dimensions are 5 metres 
by u'°,'oo at ihe capital, and ii"",! o by ^f^.fio at Ihe base. 
Consequently (he diminution of the intermediate standards 
is o",o33 in the direction of the line , and o'",o67 in Ihe 
direction of the stream ; the diminution of the outer stan- 
dards h half this amount. 

The piers arc composed of eight standards, or hollow 
cast iron pillars, resting on foot plates, joined by a ba- 
lustrade, and surmounted by a capping and hinged ca- 
pital. The stages, seven in number, are /i'",5o in height; 
the i'ltcrnal diameter of the outer pillars is o^.So, the 
thickness of the iron is o^.o'iS lor the first singe, o^jo'io 
for the second. o^.oBb for the third and o'°,o3o for Ihe 
four upper stages ; the thickness for llic intermediate slnn- 
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stavs and cros8-iies; there are however, two cross bars to a 
stage, on the surfaces parallel to the line, and they are re- 
duced to two half-diagonals on the four chamfered comers. 

The U irons of the cross-pieces are of the same dimen- 
sions as at B.usseau-d'Ahun , o°*, i o o — o",o/io — o",o 1 1 ; 
the same with the cross-braces, of which the T irons are 
each 0",ia5 — o"',i25 — o*",oi3; also the horizontal 
crosses in T iron, ore o"*,070, — o",6o, — o",oia. 

Iron bars o°',io in diameter, pass through the foot 
plates, and are let into the stonework to a depth of 6"',5o. 

Under the most unfavourable conditions, the maximum 
strain of the standards would be ^'^,9 1 from compression, 
and i^^97 from extension; the strain of the cross-pieces 
5**,4, and that of the cross-braces 9"*,!. 

The crown of the basements is composed of two and 
three courses of granitic stone , capable of supporting a 
maximum pressure of 27 kilogrammes per square centi- 
metre; the rubble is not required to support more than 
8 kilogrammes. 

The plan ^adopted for the flooring is identically the 
same as that of the viaduct of Busseau-d'Ahun. The onlv 
difference to notice is in the number of girders, reduced 
to two for a single line, and the distance between them, 
3"*,5o instead of q metres; also as the rails are not per- 
|>endicular to the girders, the de|)tii of the joists has been 
increased o",io. 

The hinged capitals have also been employed in the 
viaduct of the C^re, as well as the friction and expansion 
rollers on the small piers and abutments, in the same 
manner as at Busseau-d'AhUn. 



lUON VIADTCT OF LA CERE. 31 

Finally, the raising of the piers and launching of the 
flooring were cflected by similar means. 

The total cost reached 858,489 fr^'^cs, or 9,783 francs 
per metre run, and 85 francs per square metre of eleva- 
tion; the average cost is 1,890 francs per metre of height 
from the basement, at the rate of 3o francs per square 
metre, — 9,010 francs per metre of height for the iron 
pier, — i,5o9 francs per metre run of the flooring. For 
the metallic part of one pier, 78 tons of cast iron at o^AS 
per kilogramme, and 59 tons of wrought iron at 0^69 
were employed. 

During the tests, under a uniform weight of /i,o 00 ki- 
logrammes per metre run of the flooring, the great piers 
showed a compression of o"',oo6, and the middle of the 
bays a lowering of o",oi8, which reduces the deflection 
to o",oi9 for 5o metres span. 

The construction of the viaduct was accomplished from 
1863 to i8f)5. 

The works, planned by M. Nordling, engineer in chief 
of the Orleans Railway Company, were executed under the 
direction of M. Deglin, engineer in chief «des Fonts et 
Chauss^esT' and of the Company, and of M. Bertoux, en- 
gineer of the Company. The iron work was executed by 
the firm of Cail and Company. 



IX 
BRIDGE OF CHALONNES, 

ON THE LOIRE. 

(ancbrs and niort line.) 



Mo<lel of two arches, three piers and a centre, state o'",oA 

(one twenty-Gflh). 

The bridge of Chalonnes was constructed for the rail- 
way from Angers to Niort, and is composed of seventeen 
elliptic arches of 3o metres span. 

The abutments comprise in addition, two small bays of 
A metres for the towing-paths. 

Length bethwecn exlreraities of parapets Goi^iGo 

Length in the clear between abutments 566 ,00 

Breadth between bridge heads 8 ,00 

Thickness at key 1 ,35 

Thickness of piers at springings of airhes 3 ,5o 

Thickness of piers at base of socle A ,1 o 

Thickness of ainilments I'j ,•^5 

Height under key from IkjIow low water-mark 9 ,37 

The spandrils are lightened by two longitudinal arches 
a™,9 in diameter. 

The socles and buttresses form three successive oflfsets 
of o'",i5, o"*,o8 and o'",o7, capped by dressed ashlar; 
the rest of the work, to the plinths, is in rubble. The pa- 
rapet, generally pierced, is corbelled out. 
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The bottom of the river consists of sand and shingle, 
resting on schist and coal grit. 

In the first half of the river bed, the rock is horizontal 
at depths of 3",75 to 4",65 below. low water mark; and 
the foundations of the right abutment and the eight first 
piers were laid by means of coffer-dams. 

In the second half of the river bed , the rock dipped suc- 
cessively to 8"',75 at the sixteenth pier, and there the 
foundation was laid on beton run into an enclosure of 
jointed piling. 

The centerings comprised six ribs with five points of 
support, two of which were on the socles, and three on 
the double rows of piles; the settling of the arches, after 
striking the centres, was o"*,o5. 

The work was commenced in Julv i863, and finished 
at the end of i865. 

The cost amounted to 3,1^9,000 francs, or Ixk^ francs 
per square metre. 

It was planned and executed by MM. MoRANoiiRB, en- 
gineer in chief cedes Fonts et Chauss^es» and direc- 
tor of the new works of the Orleans Railway Company ; 
Groizbttb-Desnoyers, engineer in chief; Morbau and Du- 
BRBiL, engineers cedes Fonts et Chauss^es7>, attached to 
the same Company. 
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THE PORT-LAUiNAY VIADUCT, 

ON THE AULNR. 

(crAtbaulin and brbst linr.) 



Model representing three arches and four piers, scale o^toA 

(one Iwenly-fiflh ). 

This viaduct was constructed for the railway from Ghft- 
teaulin to Brest, and comprises 19 arches of 99 metres 
span. 

Total length between parapets 337*,oo 

Breadth between heads 8 ,5o 

Height above valley h% ,Ao 

Height above ordinary tides 59 ,5o 

Height above foundation rock 56 ,70 

Thickness of piers at springings 6, 80 

Thickness of piers above socles 6 ,1 3 

Thickness of arches at kev i ,o5 

The viaduct is situated 5oo metres above the last lock 
of theAulQe,and on a navigable water-course, and this 
fact precluded the construction of two superppsed stages, 
and also the support of the piers by smaller arches. 

Above the foundation, the depth of which varies, each 
pier is composed of a socle 10 metres in height, and a 
shaft li'^.So in thickness at the springings and 33"',3o in 
height; the faces have a diminution of o",09 in the di- 
rection of the length of the viaduct, and o^'.oS in that of 
its hroadlh. The base of the shaft has a set-off above the 
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socle, o^iao In brendlh and o^.io in length. The base- 
ments, which arc rectangular for the valley piers, are 
rounded off in the form of starlings for the river piers. 

Above the basements, the buttresses support the piers 
and rise to the crown of the work: their breadth through- 
out is equal to half the thickness of the piers, and they 
have consequently a diminution of ©".o i . In the direction 
perpendicular to the heads, their diminution is o'',07, 
ihey also form two set-offs of o",90 at the base of the 
shaft, and ((".Bo at its summit, where they have a capping 
o'".8o in height and o'",3o projection. 

From these arrangemenU taken collectively, result the 
following dimensions for the piers and buttresses. 
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The abutments are about ao metres in length by 
QO metres in height; and recesses 1 i'°,3o by 5", 90 have 
been formed in them, and covered by arches. 

The solid masonry is all in rough stone, the facings 
visible arc in rustic work, and several iron armatures bind 
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the upper courses of the voussoirs and spandrils. Three 
small relieving arches of i'^jQO span, built on the haunches 
of the great arches, are supported by the spandril walls 
and two longitudinal walls o",8oin thickness at (he top, 
where they are covered with ordinary stonework to preserve 
regularity of surface, and two cappings, one o",o5 in 
mortar, the other o°',oi5 in bituminous cement. Lastly, 
a layer of gravelly sand o"*,6o in minimum thickness, is 
interposed between the ballast and masonry; and these 
dispositions impart a solidarity to the different parts of 
the work, and render the vibrations scarcely appreciable. 

The viaduct is crowned by a plinth o'^^lih in height, 
resting on small corbels, and surmounted by a pierced 
parapet projecting, o"",! 5 from the head facings. In the 
perpendicular of (he buttresses recesses are formed o",5o 
in depth. 

The foundations of all the piers have been laid on a 
compact schistous rock, with strong inclination of strata, 
and covered with a layer of mud and detritus. The foun- 
dations of three piers had to be laid in the bed of the ri- 
ver. For pier n"" 3 , a simple coffer dam at half tide was 
sufficient; but for n"* A and 5 , it was necessary to go to a 
depth of 5'",4o below the level of the upper water-course, 
and 7'",4o below the highest tides, in consequence of 
which, recourse was had to a bottomless caisson, 3 9^,75 
by io"*,6o and 6°*,9o in height. Fixing the caisson, the 
weight of which was 7 5 tons, was greatly facilitated by the 
local circumstances which allowed the water to be lowered 
by opening the navigable passage of the Aulne, and after- 
wards to be raised by the action of the tide. 
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A service bridge composed of two lattice gilders a 4'°,8o 
ill length and i™, 17 i" height, connected the tops of the * 

piers, and served to supply the materials coming from 
both banks. These were raised as required by the aid of 
four screw jacks. 

The pressures at the different heights are: 5''',9y. at 
the springing of the arches; S\'jG, at the base of the 
shafts of the piers; i)'*,30, at the base of the sodes. and 
'}^,S/i, on the foundation soil. 

The proportion of space lo solid is q,i3. 

The tfilal measurement of the stonework is /19,'iyo cu- 
bic metres, of which 7,^53 are in the foundations, and 
&9,o35 above ihem; ihe cube per superficial metre is 
3™,/i6 foundations included, and the average price per 
cubic metre for all the masonry, is tth francs. 

The coslaiiiounled to -j, 165,000 francs, of which sum 
331), QUO francs were for foundations; consei|ueatly the 
price ptsr superficiaJ metre of elevation, is i5i francs, in- 
cluding fuundalions. 

The works were commenced in March i H^li, and, with 
the exception oi the parapets, were linished at the close 
of 1866. 

The viaduct of Porl-Launay was planned and superin- 
tended in its construction, by MM. MoR^nDitsE, engineer 
in chief ndes Ponts el (ihausseesn and director of the 
new works of the Orleans Railway Company; CnoiziiTTE- 
Dbsnoybbs, engineer in chief, and AHnoox(Auguste], resi- 
dent engineer ttdes Ponts et Chaiiss^esn, attached to the 
same Company. (See Amaki dfi I'onla el Ckaustiet, 1870, 1 
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VIADUCT OF THE POINT-DU-JOUR , 

AT PARIS-AUTEUIL. 

(circular railway.) 



TBRBB MODELS : 

1. Model of the viaduct entire. Scale of o",oi (i OBDtimetre to a metre). 

9. Model of an abutment arch. Scale of o^.o^ (one twenty-fifth). 
3. Model of two arches of the viaducL Scale of o'",o& (one twenty-fifth). 

The crossing of the Seine, below Paris at the Point- 
du-Jour, between Auteuil and Crenelle , has necessitated, 
for the Circular Railway ^^\ the construction of a series of 
important works. 

Their total length may be divided as follows : 

Viaduct of Auteuil, from the station of that name to the 

Versailles road i,073",io 

Viaduct of the PoitU-du-Jour, from the Ver- 
sailles road to the quay of the Seine (right 

bank) i5/i ,76 

Bridge viaduct over the Seine aka ,98 

Viaduct ofJavel, on the quay of the Seine 
(left bank) at the commencement of the em- 
bankment S19 ,65 

Total i,59o",/i5 

^^) This line may, with equal justice, be entitled the Suburban Railway, 
since while encircling Paris, it connects the principal suburbs. {Trtm$lat9r,) 
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The lii'sl and second models refer to the bridge via- 
duct, and the third to a portion of the viaduct of Auteuil. 

llR[Ur.K VIADUCT OF TUE TOIST-Dll-JOlJll. 

This work consisifi, in elevation, uf two perfeclly dis- 
tinct parts: a bridge or lower stage, intended for foot-pas- 
sengers and carriages following the military road; and a 
viaduct or upper stage, occupying the central part of the 
bridge, and pertaining to the Circular Railway. Its hiiigfal 
ahovc tlie solid concrete of the foundation, is iS",/)!, for 
the parapets of the hridge, <nid aa^.aS for those of tlie 
viaduct. 

1. Bridge or lower tluge. — This is composed of live 
elli|ilicaj arches of 3u'',<j^ span and (j metres of rise, 
resting on four piers and two abutments, to which are ad- 
joined two half-piers. 

Lfiiglli in tlie dtmr between aliuliiienU l^l|■'',h^ 

Width belwten bcails. 3l ,i>0 

Height under keyslun<? alwie low water mark.. . . g ,^o 

T1iickn«8s at kc) (lateral wajs) I .00 

Thicknf«s al key ( under i^enlral liaduct) i ,60 

Thicknesa of piers at spria^ngs h ,^i 

Thickness of piers at tiase an concrete 5 ,71 

Thicktiiw ot abiilnienlB 5 ,10 

Thirknesaof abutmenls (ecutrat (lart) 10 .86 

The width of 3i metres between the heads comprises: 
two parapets of o^.So, two footways of ^".qS, two road- 
ways in compressed aspbalte 7"',25, and a central footway 
of 1 1 metres, corresponding lo the railway viaduct. 

The spandrils arc lightened at the perpendicular of 
each pier, by three arches or vaults parallel lo the stream, 
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built in rough millstone grit and cement, A"',6o in span 
and o'*,55 in thickness at the key. In the central part, 
these arches, when only supporting the footway, are in 
perforated bricks, and are reduced to a thickness of o",3 a. 
The abutments of these arches are themselves pierced by 
eight series of bays parallel to the axis of the bridge, and 
having i",75 and 9",9 5 of span. All these arches are 
supported by pillars of sufficient thickness to allow a 
steam roller weighing 3q tons to pass over on the lateral 
ways. The total void or space created by these pierced 
arches, is equal to 1,^9 5 cubic metres for each arch, 
which diminishes by 3,3oo tons the weight borne by 
each pier, and by i**,6 per square centimetre for the 
concrete. Lastly, under each footway a vaulted sub-way 
has been reserved, for the purpose of containing water 
pipes. It is covered by a brick arch o",o6 in thickness, 
and is i",5o in width by o",6o in height. 

a. Viaduct or upper stage. — This part of the work, 
comprised between Iwo arches of 90 metres span over 
the quays of Auteuil and Javel, consists of 3i semicir- 
cular arches of 4",8o span. 

Tolal length 2A8",8o 

Height above bridge 9 ,60 

Width between heads (including two parapeUof o"',35). 9 ,00 . 

Thickness at key of small arches o ,65 

Thickness of piers 1 ,o3 

The piers, having a diminution of o^'^oi per metre in 
all their faces, are i°',038 at the springings and i**,!!! 
at the socles. 

The piers and abutments are pierced by two bays of 
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3'",-j5 spau and /■".^U in lietglil under llic key. Tlieric 
openings have Itecn made for the convenience of [ledes- 
Iriana on ihe central footway. The spaiidrils 4'",8o, an; 
|iierced by t^uiail brick vaults of 3 metres span and o'",9 3 
in thickness. 

The arches over the (|uays have respectively ao metres 
of span and a'°,65 of rise; their thickness at the key is 
o'",H5 and at the springinga i"',55. 

The foundaliun soil consists of a bank of chalk, cov- 
ered in the bed of the river and on the left bank, by a 
layer of gravd, but on the right bank, by layers of cloy 
mixed with peat and mud. 

Thi^ princi|ial and rear abutment of the right bank are 
founded on piling, Tlic piles are of oak 8 metres in length. 
o'°,3o s<|uare3nd penetrate the chalk to a depth of at least 
■J metres. The average distance between them is i",o5, 
and each supports about -jS tons. They arc connected by 
a layer of concrete i^.Bo to 2 metres in thickness. 

The abutment and the rear abutment of the left bank 
are founded on the gravel, by means of a solid muss of 
beton laid dry in an enclosure of piles and sheet piling. 

The piers are founded on hcton laid on the bank of 
cbalk , previously cleared by dredging. The beton was run 
into timber caissons without bottoms, put together on 
the spot, i. e. on the movable scaffolding conslructtid for 
their immersion. Their dimensions are 4u metres in 
length, () metres in breadth and 8 metres in depth. 

The removal of the centres whs effected by means of 
sand boxes, and the subsidence of the arches varied from 
o-.oof) to ii"',oia. *i.jit»»»»> . ,.11 1 " 
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The pressures are not /uniform in the length of the 
piers, but vary from 9^,5 to 5 kilogrammes on the 
surface; 3 to 6 kilogrammes on the beton, and 3*^,8 to 
6^,5 on the masonry at the base of the piers; while in 
the great elliptical arches , they attain t A kilogranunes at ' 
the springings and i5^,5 at the key. These arches are 
in rough millstone grit and cement mortar. During the 
tests by excess weighty the pressure in the viaduct did not 
exceed & kilogrammes in the arches and 6^,5 at the base 
of the piers. 

The total cost amounted to d,86&,d39 francs, 
aSGjiSy francs of which, were paid for various expenses 
not included in the contract. The average price per cubic 
metre of the viaduct, was a 5 fr. 6 A cent., and per cubic 
metre of stone work By fr. so cent. The cost of the whole 
of the bridge viaduct was 1 1,793 francs per metre run, 
or 38o francs per square metre in plan, and 6^9 francs 
per square metre in elevation , solid parts and spaces taken 
together. 

VIADUG OF POINT-DU-JODR. 

This work forms part of the Circular Suburban Railway 
on the right bank, and is comprised between the Ver- 
sailles road, where the Auteuil viaduct terminates, and 
the bridge viaduct on the Seine. It consists of 96 semi- 
circular arches of 4",97 span. 

Tola! Icngtli i54",75 

Height abbve boulevard from 7",:! a to 9 ^38 

TliickDCSs of piers at springings 1 ,03 

Thickness of piers at socles 1 ,*jo 

Thickness of arches at kev ,60 

Kreadtli between heads if) ,00 
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The establish uieiil uf a passen^jcr station has iieccssi- 
lated this ronsiderable breadth (i 6",9o between the par- 
apets). 

The piers have four pierced arcbes of 9 melres span 
and i^.aS in height under the key, separated by piliars 
of which the central one is i'".75 in ihicknesE, the two 
outer pillars r",5o,andlhetwoinleraiediBtPones t^.iab; 
ihefic arches constitud^ a i;o¥ered footway under the na- 
ducl. 

Twelve of the pillars rest immediately on a bank of 
gravel; but the surneoding arches bad to be built on a 
soil 7". 70 in thickness, composed of recent ajluvial de- 
posits, with alternate layers of clay, mud and peal, ibe 
whole resling upon a layer of coarse gravel, 3'°,9o above 
low water mark. The piers consequently requiring <i 
height of nearly 20 melres to the arches, it >vas consi- 
dered necessary to support them by low relieving arches; 
and with this view, the foundations of the odd piers were 
dispensed with, viz one pier out of two, and were replaced 
by ogival arches, resting on the solid foundations of the 
piers of even rank. These ogival arcbes, of which the 
summits support the weight of one pier and the two adja- 
cent demi arcbes, are not apparent, for they are cons- 
tructed in the height of the embankment formed between 
the natural soil and the level of the boulevard. By means 
of pumping, the foundations were laid dry, notwithstand- 
ing their depth. 

The socles and angles of the piers, the cornices, par- 
apets and voussoirs of the head, are in dressed stone, the 
rest of the viaduct is in ashlar or rubble. 
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The pressure is &^,8o per square centimetre on the 
foundation soil, 5^,3o on the concrete, and increases to 
10 kilogrannnes in the ogival arches, two of which sup- 
port one pier. 

The cost amounted to 5& 1,787 francs^ of which 
A 9, A 1 3 francs were for works not included in the contract. 

The average price per cubic metre of masonry is 
38 fr. 39 cent., 3,5oi francs per metre run of the via- 
duct, A18 francs per metre of elevation above the actual 
soil, and ifia francs above the foundation. 

This work was constructed in 186/i and i865, by 
MM. Bassohpikbre-Sewrin, engineer in chief, and db 
ViLLiERs DU Trrrage, resident engineer cedes Fonts et 
(]hauss(^es T). (See Annales des Fonts et Chau$9^, 1870, 
i'' semestre.) 



mOiS VIADUCT 0\ THE BOUBLK. 

(cpHIIRIITIlT tNIt GJiHNkT LINE.) 



^^^^p Dravrinfp on acules vanjn); Trom ii'',intfi to o^.Txi. 

This viaduct was constructed on ltit> Bauble for the 
railway from Coinmeutry to G^nnat, and crosses the river 
at fi6'",io abovR low water mark. !f rnnsists of six bays 
uf 5o metres span, supported by two abutments in ma- 
sonry and five iron piers resting on stone basements. 

Ttie principal dimensions are as follows : 

^ ^. Total leDglb,incliidingapproaclie9. . . . .Igfi^ioo 

^^^H. I^etiiflb of floorinfi Son ,00 

^^^^K* [lelglil of rails nbovc l)as«menl 69 .on 

^FT^^ ' Heinht of {[iitters ?i ,5fi 

ii Breadth lielween parnpeta h .5i) 

Central piers fi'j .rm 

Eilrenie piers bn .\iij 

The five piers are constructed entirely of iron , and the 
three central ones have a nniform height of 5d"',8o he- 
Itveen the capital supporting the bays, and the stone socle, 
which is '"'i^o above the floods of the Bonble. 

The great cast iron pillars or standards, four in num- 
ber only, for each pisr, are 5o centimetres in exterior 
diameter, and their thickness varies from 3o to (ih milli- 
metres. Thn injerinr was (died with roncretp to increase 
iheir weighl. They ari' ii) sla^r'* ■> metres in lieigfil . eacli 
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stage being bound by a system of diagonal stays, in plane 
and elevation. 

The piers form a pyramid converging towards a point 
lio metres above the level of the rails. Thus, the pillars 
present in face, a diminution of a 5 millimetres, and trans- 
versally, a diminution of 35 millimetres; the platform at 
the top is 9°',5o in breadth by 3"',5o in length. 

At the lower part, the standards are strongly supported 
against the action of the wind , by struts forming arch-but* 
tresses, and embracing the three lower stages; these but- 
tresses are described with a radius of ati metres, and give 
a projection of 6™,6o, so that the three great central 
piers have a total length of 9o",6o at the base. 

The maximum pressures per square millimetre, are as 
follows : at the summit of the pier, i^,8o; at the spring- 
ing of the buttresses, l''^77; at the base, on the but- 
tresses alone, 9^,33: and on the buttresses and pillars 
together, i^,38. 

A vertical cast iron pillar in the centre of each pier, 
sustains the horizontal bracing, and the tie-beams which 
unite transversally the centres of the diagonal stays. A 
ladder spirally encircling this pillar, facilitates the inspec- 
tion of all the parts. And finally, a lightning-rod placed in 
the axis of the central pier, bifurcates in two branches sol- 
dered to each girder, which terminate in two points above 
the parapet. 

The bays, composed of two lattice girders 3"',5o apart, 
from centre to centre, rest directly on the cast iron pil- 
lars of the piers. The height of these girders is 4",5&: 
the vertical web is in large lattice, /i metres in breadth. 
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by 9 metres, lhu.s romiinf; a J»ubl« lattice. The bars in 
the direction of the iibuttnents, are in U iron, and tfaosi' 
towards the centre of the bay. in flat bars. The lattices ave 
additionally strengthened and slilTcned by uprighb, at 
every 9 metres, formed of two angle irons, which bindand 
support the beams of the bridge. On these beams rest 
six bars of double T iron, 18 centimetres in depth and 
60 centimetres apart from centre to centre, to which the 
flooring formed of A iron is riveted. This flooring is ca- 
pable of great resistance, and being without covering, it 
can be examined and repaired. 

A foot-bridge. o^i/O in breadth, has been conslructed 
at the lower part of the road flooring; it extends the 
whole length of tlio iron viaduct, and is accessible by 
stairs in the interior of the abutments. 

Similarly to the viaducts of llusseau-d'Ahun and la 
i'lhe, the flooring of the viaduct of la Bouble rests on the 
piers through the medium of a hinged capital, and all 
the permanent or accidental weight is thus equally distrU: 
buted between the four great standards of the piers. 

The flooring was constructed on the left bank of the 
Bouble, on a platform 1 5o metres in length by 35 metres 
in breadth, with a downward slope of 5'°,ao from the 
level of the line; it was then pushed out 00 metres 
beyond the abutment, and successively beyond each pier 
when completed. 

The stone basement for each pier had been constructed 
previously: as well as the firsi three stages of the iron 
part, because the work of fixing the arched buttresses 
demanded particular <nre and more time. 
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The cast and wrought iron work of the upper stages 
was conveyed to the floor of the bridge, and lowered from 
it to its place, as had been done at Fribourg, Busseau- 
d'Ahun and la Cere. 

The total cost was 1,100,000 francs, or 9,786 francs 
per metre run, and 61 fr. lib cent, per square metre of 
elevation; the average cost is i,53o francs per metre of 
elevation for the metallic pier and i,Aoo francs per metre 
of the road framing. 

For the metallic part of one great pier were employed , 
i5i tons of cast iron, at A 9 centimes the kilogramme, 
and A 5 tons of wrought iron at 55 centimes. 

During the tests, the maximum deflection of the bays 
was o",oi9 under a uniform excess weight, and o",o3o 
for a bay loaded with A, 000 kilogrammes per metre run, 
and between two bays not weighted. The central piers 
showed a compression of o"',oo5 under the dead weight. 

The viaduct was constructed from 1868 to 1870 under 
the superintendence of M. Didion, delegate general of 
the Board of directors of the Orleans Bailway Com- 
pany, and M. Thirion, director of the central lines, by 
MM. W. NoRDLiNG, engineer in chief, Delom, engineer 
for the metallic part, and Gboffrot, engineer for the ma- 
sonry and approaches. 

The ironwork was confided to the firm of Cail and 
Company, and to the Fives-Lille Company, represented by 
M. MoRRAcx, their chief engineer. 
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A 9«1 ordrawiiij|s on scalcpB of ij'",out> and n' 



The surcessive developments of ihe lines of the Orleans 
Railway Company, since its origin, have itnparteil to Ihe 
metropolitan lerminuN an iraporlance and energy of move- 
ment whidi rould scarcely have been foreseen at the 
period when the former building was constructed. At the 
expiration of twenty years, it was found necessary to de- 
molish the old station and to erect a new one, of which the 
annexed drawings represent the principal arrangemenls. 

Site. — The former station was situated between the 
Boulevard de I'Hftpital and the Rue de la Gare. All the 
ground comprised between this street and the ijuay d'Aiis- 
lerlitz. was arquiri'd for the new station, which is hounded 
on one side by the quay, and on the other by the Boule- 
vard de I'Hopital. The superficies of the station which was 
formerly but li'',io, is thus augmented to lo hectares. 

The general plan of the new station does not differ 
materially from that of the old one; the departure platform 
on the left, the arrival on the right; in front, i. e. at the 
angle <if th*' boulevard and the i|uay, are the Company's 
oHices. 

Arriral (iiitl ilejmrliirv huiltliui^n. -^lUt: departure huihl- 
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ing which constitutes the most important part of the 
terminus, presents in the centre a pavilion in the fore- 
part, containing a vast hall and ticket offices; to the right 
and left are two wings, each 60 metres in length, one of 
which comprises the waiting rooms , and the other, lug- 
gage and registration office. A wrought and cast iron 
portico* 6"*, 5 o in width, extends along the whole length of 
these buildings. 

From the two extremities of the edifice square buildings 
advance as far as the quay; these are devoted to the va- 
rious accessories, viz. refreshment-rooms, postoffice, tele- 
graph, station master's apartments, etc. 

The length of the arrival building is the same as that 
of the departure, but the breadth is less and the construc- 
tion more simple. It contains only a waiting room and a 
hall for the delivery of luggage. At the extremity is a 
building projecting on to the court, in which are situated 
the porters rooms, the octroi or city dues, the goods 
department, and various accessory services. 

The arrival platform, 1 90 metres in leqgth by Ac me- 
tres in breadth, is roofed like a hall for the third of 
its length, \ihile the remainder is bordered with an 
awning. 

Covered hall. — A breadth of Si", 00 separates the ar- 
rival and departure buildings, and consists of eight lines 
and two footways. A roof of a single span covers the 
whole space comprised between the two buildings, and 
extends 100 metres beyond, to the extremity of the goods 
department, in order to protect the plant housed on the 
intermediate ways. 
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By its vast dimensions and exceptional span, ihis roof 
IB one of the parts of the terminus which prinripally 
attract public attention. 

The total length of the hall is a8o nielres. and the span 
as before mentioned, is Si^.ao, 

The ribs, lo metres apart, are composed of two mem- 
bers, with cross pieces in flat and angle irons supported 
and connected by cast iron tic rods and wrought iron lie- 
beams, after the melhod of triangitlalion known as the 
Polonreau system. 

The extremities of the ribs are sustained by ornamental 
cast iron brackets. 

The purlins which join tlie ribs are made with cross 
bars like the ribs. 

Their lower flange is curved in such a way, that the 
purlin is lower in the middle than at the point of junc- 
tion with the ribs. 

This form is less monotonous to the view than the rec- 
tdinear: it has besides the advantage of increasing the ri- 
gidity of the purlin and of more strongly bracing the main 
rib. which is thus held firmly throughout its height. 

The weight of the iron roof , ribs included . is 
i,3oo,ooo kilogrammes. All the dimensions of the iron- 
work were so calculated, that al np point, even in the tie- 
beams, does the strain on the metal exceed 6 kilogrammes 
per square miUimetre. 

Bffapitulation. — The annexed table shows the various 
parts of the new terminus, with the superfinai din 
of each. 
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1. BUILDINGS. 

Company's offices 9,953"* 

Great hall 6oo' 

Waiting rooms i ,995 

Luggage hail 1 ,996 

Departure I Covered portico i,o6fi \ r co 

building, j Reserved saloon 55 

Ticket offices 398 

Refreshment-room and tele- 
graph 1,386 

Arrival building 9,635 

Goods department, octroi, etc 596 



Total 19,950" 



9. SPACES COVERED, BUT WITHOUT BUILDINGS. 

Great hall for passengers 16,716 

Hall for the maik, etc 9,876 

Hall for parcels 6,600 

Covered part of arrival platform 3,639 



Total 97,699"* 



3. SPACES NOT COVERED. 

Yard of the Company's offices 653 

Yard of passenger's departure building 6,166 

Yard of goods departure 10,796 

Open part of passengers arrival platform 5,965 

Yard of goods arrival 8,686 



Total 39,179" 



Execution of the works. — The reconstruction of the 
Paris terminus was pronounced of public utility on the 1 9^^ 
August i863. The expropriation of the ground was car- 
ried out immediately after the accomplishment of the ne- 
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vessary le^al formalilies, and the masonry coatracled for 
ill November 186A, was romiDenced in the early days of 
the year i8fi5. 

The new terminus was definitively opened in July 
1869, the lime of buiidiny being Four years and a half. 
This period will scarcely appear long, if the importance of 
(he work is taken into account. Besides, it must be re- 
membered that, the new station occupying the same site 
as the old one, no part of the building could be demolished 
before being replaced, and consequently, the new erect- 
ions could only be proceeded with in successive parts 
and under numerous disadvantages. 

The ground upon which the new station is built, pre- 
sented .some extremely unfavourable conditions , in respect 
of the foundations. It was necessary to go to a depth 
varying from 8 to 1 1 metres, in order tn find a suitable 
bottom. The proximity of the Seine, and the permeable 
nature of the strata, necessitated pumping to a conside- 
rable extent. This foundation work, which involved the 
construction of more than 9 kilometres of wall, was ac- 
complished without accident, but at a considerable ex- 
pense. 

Raising the ribs of the great roof, was one of the most 
delicate operations of the work. It had to be etTected above 
the footways and the linos in actual work, without inter- 
ruption to the trafTic, The ditKcully was happily sur- 
mounted by the Creusot firm, by means of a travelling 
scaffolding of the same breadth as the roof, and having at 
the springing of the latter, a platform upon which were 
placed the cranes and oilier machines for raising the ma- 
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terial. This plan afforded all the necessary conveniences 
for collecting and setting the different parts of the roof, 
and left the footways and lines completely free, with the 
single exception of the places from which the material was 
hoisted. 

Cost, — This may be divided into four distinct parts ; 
the acquisition of the ground; the Company s offices; the 
station proper; accessory works; lines, approaches, etc. 

The purchase of the gTX)und is the most important item; 

and reaches the sum of 8,d5o,ooo ' 

The property acquired is 6/1,870 square metres, at 
138 fr. 85 cent, per superficial metre incUiding all 
expenses. 

The Company's ofilices consist of cellars , ground floor, two 

stories, and attics, and their cost was i ,64o,ooo 

The expense per square metre is 355 fr. 70 cent. 

In this sum the foundations are reckoned at i3ofr. 
The cost of the station proper was 6,900,000 ^'^ 

16,890^000 
(') These amounts are ditided as follows : 



DESIGNATION 

or TABIOU8 PABTS OP Tin BUUMM. 



Departure building 

Arrival building 

Passf'nger's hall 

Goods department 

Rail for mails , etc 

Covered part of arrival piatCorm and awnings. . . 

Paris open , yards, footways 

Various works including culverts, walls and 
endosnre gates 



Total cost. 



PRICE 




p«r 


COST. 


SQUAII MITII. 




5ao' 


3, 1 56,ooo' 


3a8 


1,168,000 


70 


i,o3o,ooo 


66 


&9 9,000 


hh 


1 96,000 


59 


178,000 


II 


58o,ooo 


II 


960,000 



6,900,000 
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16,890,000 ' 
The acceRsory works, comprising lines, tables, points, etc. 
rectification of streets, creation of n road between the sta- 
tions of Paris and Ivry, and finally the reconstruction and 
enlargement of the bridge of the Boulevard de la Gare , 
amounted to 1,1 10,000 



Total cost 18,000,000 ' 



The works of which this notice presents a condensed ac- 
count, were planned and executed under the chief direction 
of MM. DiDiOK, delegate general of the Board of direc- 
tion, and SoLAGBOup, director of the Company, hy MM. Se- 
viivE, engineer in chief, Louis Renaud, principal archi- 
tect, to whom pertains all the architectural part of the 
undertaking, and Gilles, cluifde aectioii. 

The contractors were : 

For the masonry : MM. Bouyer, Cohadon, Bagmard, 
managers of a working-men's association; 

For the ironwork : the Creusot firm, principally repre- 
sented by M. Mathfeu, chief engineer. 
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STEEL RAILS 



BMPLOTBD 

BY THE PRINCIPAL FRENCH RAILWAY COMPANIES. 



Various patleruA and a portfolio of drawings. 

NORTHERN RAILWAY COMPANY. 

Profile adopted. — For all the lines of the Northern 
Company, a steel rail of the Vignoles type has been adopted. 
This rail weighs 3o''*,3oo per metre, and is supplied by 
all the French iron works indiscriminately. At the pre- 
sent time it is rolled in the establishments of Terre-Noire, 
and the Society of the Greusot iron works. 

Length of rail. — The normal length is 8 metres , but 
to facilitate the execution of large orders, it is customary 
to allow reduced lengths of 7, 6, and 5 metres. 

Sleepers and fish-plates. — This rail is laid with sleepers 
at the joints, and is supported on nine points, according 
to the following distances apart : 0*^,60 next to the joints, 
o'^fQO for the first space, and 1 metre for all the others. 
The rails are fastened to each other by means of fish- 
plates, pierced with four holes o"',oi9 in diameter, to 
receive the bolts. They rest directly on the sleepers, in 
notches cut for that purpose, and are fixed to the latter 
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by uieaus of two galvatii/ed iron strews lor the intermt^- 
diate sleepers, and four screws for the joints. The screws 
bind against the rail foot, which is neither pierced nor 
notched in its entire length. 

The reasons dictating the choice of this type of rail may 
be summed up as follows: 

Aditmlages of altcl. • — ■ The llrsl iirlvantage possessed fay 
steel rails , over those of wrouphl iron , arises from the fact 
ihat they wear slowly and in u parallel direction, while 
the best wrought iron rails rapidly deteriorate by the 
IralFic, and are mostly past service without having tosl 
an appreciable weight by regular wear. The eiperimenls 
made by the Northern Company upon iron rails from all 
liie different works, have demonstrated that those of the 
best quality did not resist the wear and tear of a traflic 
exceeding ao millions of Ions: while those of ordinary 
ijUality succumb to a circulation of i/i millions. Willi 
regard to steel rails, all the trials show that the Hangc 
wears in a uniform pro[inrtion of one millimetre of thick- 
ness for a traffic of -jo mdlions of tons, and as they are 
constructed for a wear of lo millimetres, it may be cal- 
culated that the duration of steel rails will correspond 
to a tratlic of at least ijoo millions of tons. i. e. that 
they wilt lust ten times as long as the best rails in wrought 
iron. It follows then, thai the substitution of steel for iron 
rails, will effect a considerable saving, while at the same 
lime it secures to the line a greater equality of resistance, 
and increases to a considerable extent, the safety of work- 



iliie second advantage of steel rails results froi 



Ihe 
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fact that the material offers a resistance more equable and 
superior to that of wrought iron. Various experiments 
have been made ; and comparisons instituted between the 
two substances, establish the fact that, when subjected to 
pressure, the iron rails retain permanently the set or de- 
formation to an appreciable extent , while the tension and 
compression of the fibres attain to 17 and 18 kilo- 
grammes per square millimetre. For steel rails this figure 
exceeds 38 kilogi*ammes. In direct traction tests, the me- 
tal composing the flanges of wrought iron rails of good 
quality, shows a resistance to fracture comprised between 
98 and 36 kilogrammes per square millimetre, while for 
steel rails, this figure rises to between &5 and 76 kilo- 
grammes. The wrought iron rails tested by a shock or 
falling weight , by the machine called the Lyaii railway, do 
not resist, on the average, an active power t>f more than 
tioo kilogrammetres; while the steel rails of the type un- 
der consideration, present an opposing power of more than 
900 kilogrammetres. The metal of which steel rails are 
formed, may then be characterised, as guaranteeing greater 
regularity in production , and as the powers of elastic resis- 
tance and of resistance to fracture^ arc at least double 
those of the substances composing wrought iron rails, the 
advantage of the substitution of steel for iron is sufficiently 
obvious, if the first cost of laying does not present an in- 
surmountable objection. Now. as a matter of fact, by re- 
ducing the weight of the steel rail to 3o kilogrammes, 
which will still leave to it a solidity much in excess of that 
of the iron rail which it replaces, it is |)Ossible to modify, 
or nearly to annul, the difference in cost between the steel 
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and wrou(^hl iron rail. There is therefore no longer uiij 
advantage accruing from the eni|iluyment of wrought iron 
rails. 

Dibit/ of profik. — Thi; conditions which have led to 
the adoption of the types represented W the proDle aud 
patterns ntlached to this description, are as follows : 

To retain the lieight of tlie wrought iron rail of 3^ ki- 
logrammes, as well ns Ihc extent and inclination of range 
of the fish-plate and convexity of the llange, all of which 
have given satisfactory results. 

To allow the largest possible margin for wear and tear, 
and with this view to increase the bulk of the llange, 
while reducing as niurb as possible the thickness of the 
web and the thickness and breadth of the rail -fool, without 
augmenting the difficulty of manufacture, or exaggerating 
tbe relation of the height of the rail to the breadth of its 
base. 

In theory, the profile should have been snch that . when 
the maximum of wear was reached, the worl of the 
most deteriorated fibres of the llange and rnil-foot should 
be the same. But this would have produced a rail too 
narrow and too thin at the foot, to obtain sufficient bear- 
ing on the sleepers. In the profile adopted, the equality 
of the strain of compression and extension is realised after 
a wear of "> mdlimetres. but at ibis period, ffie ruii is not 
so far weakened as lo be past service, and when a second 
thickness of 5 millimetres is worn away, its resisting 
power is still superior to that of a new wrought iron 
rail of ^"j kilogrammes. 

tabUilif of the mil. — The new type can only be con- 
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sidered bolder in conception than the old rail , in respect 
of the stability of the base, and the proportion of this 
boldness is furnished by the relation of the height to the 
base. For the rail of 87 kilogrammes, this proportion is 
-JYT ^^ ^9^9^ while for the steel rail of 3o kilogrammes it 
is J, 9 88. But it should be remarked that for the Vignolcs 
iron rail, used by the Lyon Company, this proportion 
rises to 1 ,3o, and for the line from Cologne to Minden to 
1.356. Besides, the rail has no tendency to cant outwards, 
as was at first believed, under the lateral pressure it un- 
dergoes from the edges of the wheels; on the contrary it 
leans inwards, but the exterior screws and the inclination 
given to the notch in the sleeper, suffice to correct this 
tendency. Another result of this thrusting action, is to 
augment the pressure exercised by the foot of the rail 
against the side of the sleeper towards which the trans- 
versal movement of the wheels is directed. Now from the 
experience of more than two years ^during which time this 
rail has been in use on the Northern lines, it is proved 
that this greater pressure does not exceed the limit that 
the sleepers are able to bear without detriment. It is there- 
fore an established fact, that a diminution of the lateral 
dimensions of the primitive type of 87 kilogrammes, will 
still leave the rail in excellent condition as regards stability 
of foot. 

Quality of the material. — These calculations and ob- 
servations apply to a quality of steel characterised by a cer- 
tain hardness and pertinacity of resistance, and manufac- 
tured by the French iron firms. The excellence of this 
quality is shown by the trials stipulated in the specifics- 
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lions of I ho Compjuij, ami wliicli may be siimmod ii|i as 
fnilows : 

;" leH [by ]>reisure). — Each rail, submitted to trial , 
shall he placed edgewise on two points of support i ■", i o 
apart, and must hear during the space of five minutes, in 
(be middle of the interval between the points nf support ; 

I, A pressure of 17.000 kilogrammes, without retain- 
ing any appreciable bend after the [est; 

3. A pressure of 3o.ooo kilogrammes, without exrced- 
ing a bend nf 3 5 millimetres. 

3'^ test [by nhoeh). — Each of the two halves of the 
broken rail shall be plared edgewise on two supports 
■ ".lO apart, the said supports to be fixed on an anvil 
of 10,000 kilogrammes, and pach of the .said halvwi 
must bear, without breaking, the shock of a monkey 
3oo kilogrammes in weight, falling from a height of 
a^.a^, upon the rail, in the middle of the interval be- 
tween the points of support. 






Under successive lieigbis of fall of. 
Tiie bends caoseH ^f Ihe |esl« 
noi cucecrf. 



Wo/ of new plan of laying rail* '". — At the present 
time a new system of laying is being tried, which con- 
sists in placing the joints of the opposite rails on different 
sleepers. 

Although this new system has not been Iried sufficiently 

"' Tbii plan, firal trie<l in iS-^t. aHonh satfifactory resiills, and is 
•dofilcd u the normal «f«lem of ibe Cauipany. 

Duriog the lail Iwo years, in order to prevent Lbe rails from wearing 
the ileepera, pieces at larred felt Iwve beeD iaterpo»ed, and witli jfood 
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long to be judged by experience, it is expected that the 
rolling will be easier than in the former system of cor- 
responding joints. Indeed, the shocks occasioned by 
carriages passing over the two joints, being no longer si- 
multaneous, their action on the movement of the carriage 
is modified by this single fact 

Even the violence of these shocks is lessened by the fol- 
lowing circumstances : 

1 . The joint sleeper, instead of being rendered liable 
to start up at each extremity, is, on the contrary, retained 
at one of them by the pressure of the continuous rail that 
it supports; 

Q. The sleeper, receiving slighter shocks, there is less 
dielurbance of the packing; 

3. The joint happening to give way at the passage of 
one wheel, the carriage, supported by the other three, is 
kept in its position on the rails. 

Length of sifigle Urns laid with steel rails. — On the 
i'^ January 4876, this length had attained i,3io kilo- 
metres. 

Before long, the two principal arteries of the Compa- 
ny's system of lines, Paris to Erquelines. and Paris to 
Lille, will be entirely laid in steel. 

EASTERN RAILWAY COMPANY. 

The Eastern Railway Company, in the first place, laid 
some small sections of the principal lines in Bessemer 
steel rails, which were supplied by the principal French 
iron firms of (Terre-Noire, Rive-de-Gier, le Creusot, 
Saint-Jacques, Montlu^on, Imphy). 
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These rails are of the Vignoles type, and of the same 
profile as the wrought iron rails of 35 kilogrammes per 
metre run, long used on the lines. Their weight is 36 ki- 
logrammes per metre . on account of the difference in den- 
sity between the two metals. 

Each rail of 6 metres rests on two joint sleepers, by 
the medium of bed-plates with two flanges, and on six 
intermediate sleepers, 0^,90 apart from centre to centre. 
The fastenings consist of galvanised screws. 

At the present time there are 39,600 metres of line 
laid down with rails of this type. 

An experiment was commenced, and is being carried 
on at the present time, to compare the respective dura- 
tion of steel and iron rails. In March 1866, there were 
laid down at the Villette station, 60 rails in wrought iron 
aod 60 rails of the Vignoles type in Bessemer steel weigh- 
ing 35 kilogrammes per metre run, with the view of 
submitting them to comparative trials of duration and 
wear. 

The rails were placed in identically the same condi- 
tions with regard to wear and tear, and to put this point 
beyond the possibility of a doubt, they were laid (on the 
down line), three of iron and three of steel, alternately, 
thus forming two groups : 

The first group, comprising thirty six rails in wrought 
iron and thirtv six in steel, was placed between the kilo- 
metres iSa58 and.iSoso, a point where all the goods 
trains arrive with the brakes on , for stoppage. This part of 
the line is therefore subjected to great wear. 

The second group, comprising twenty four rails in iron 
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and twenty four in steel, was placed between the kilo- 
metres iSSyi and i^.^jfi^- This portion of the line is 
subjected to less traffic than the preceding. 

In the mouth of August 1869, a third group was pla- 
ced in nearly the same conditions with regard to traffic as 
those of the second. This group was composed of six rails 
of the same type, ih wolfram steel fabricated by the Le 
(luen process. 

1. Wear, — A first examination of the wear was made 
in 1879, by means of plaster casts taken of one of the 
three iron rails, and one of the three in Bessemer steel, 
alternating in each row of the two first groups. 

These inspections were renewed in 1878, 187/1 and 
1875, casts of the same rail having been taken each 
time, and of the same part, viz the middle of the rail. 

The verification of the wear of the rails in wolfram steel 
was only made in 1870. 

The following tables indicate the wear ascertained, 
which is expressed in millimetres. 
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SECOND GROIT. 
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THIRD GROUP. 
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The tonnage passing over these rails from the time of 
laying down (1866), till the last verification of wear 
(August 1875), was calculated at 35, 067, 587 tons. The 
tonnage borne by the rails in wolfram steel from the time 
of laying down (August 1869), till the same period 
(August 1K75), was !i i.69C),r>r>8 tons. 
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These figures establish thai, for a wear of one niilli- 
metre, the tonnage was: 



PIB6T GROUP. 



Wraogkt 
iron rult. 



6,6i&,63o* 



Beneroer 
»t««i ruik. 



7,^159,050 



r.^t 



SECOND GROl'P. 



Wroaght 
iron rafh. 



10,41.'), 19a* 



BeneiMr 

Rl^el raiU. 



16,895,198* 



THIRD GROIT. 



Wolfrani 
steel rails. 



10,9/44,337* 



Q. Duration. — All the steel rails have resisted perfectly, 
and none of ihem have been replaced. 

This is by no means the case with the wroujjht iron 
rails, since it has been necessary to replace 38 of 60 ori- 
ginally laid down (63 per cent). 

The following table indicates the date of replacement 
of each rail, and the tonnage it has borne. 



VOMMB. 



1 
3 
1 
1 

5 
1 
1 
1 

& 

3 
1 




FIRST GROUP. 



»ATIS. 



October 1867.. . 
November 1868. 
December 1869. 

July 1871 

May 1879 

September 1879. 
November 1879. 
September 1873. 
November 1873. 
December 1873. 

July 187A 

August 187&. . . 
June 1875 

AVBBAGBTORRAGE. 



TOM!IA«B. 

6,o5 1,934* 

9,671,343 
16,950,774 

30,1 35,383 

!!3,598,(i39 
94,533,395 
95,1 56,399 
98,168,739 
98,757,450 
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31,167,184 
3i,448,5i7 
34,461,849 



RUMBIB. 



3 4,56 9,5 16 



]6 



I 



SECOND GROUP. 



DAT IS. 



Oclober 1 867 . . 
November 1868 
May 1 869 .... 
August 1869. * 
February 1879. 
March 1873.. . 
December 1873 
February 1874. 
November 1874 
January 1875.. 



Average TO^TRAGB . 



TORRASI. 



6,o5 1,934* 

9,471,343 

19,560,090 
13,573,940 
93,367.908 
36,4o9,6o6 
39,o5i,8o5 
39,64o,5i8 
33,359,517 
39,955,183 



90,o38,C'i4 



',} . 
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From the first yroup, a/i rails out of 36 were with- 
drawn, i. 0. (56,6 p. o/o. 

From the second group, lA rails were withdrawn oul 
of qA, i. (». ;")8,3 p. o/o. 

The wrought iron rails used in the.se experiments of 
comparison, come from the Wendel iron works. The ex- 
cellence of their quality is demonstrated by the fact that 
27 p. 0/0 of the total number tested, have resisted a wear 
of 35 millions of tons, and that those past service (63 
p. 0/0) have supj)ortcd an average of ao to 90 millions. 
With respect to the steel rails, they were supplied by 
MM. de Dietricb and Company, but the wolfram rails 
come from Terre-Noire. Not a single one of these rails 
has been withdrawn from the lines, and the only change 
they have undergone, has been that occasioned by a slow 
and uniform wear. Albeit the first group is subjected 
to the incessant action of the brakes, the deterioration 
does not attain to o".oo5, and from this time it may be 
asserted, that only after a term of service extending over 
more than twenty years, will these rails require to be 
replaced. In the second group, which is less exceptionally 
situated, though still subjected to vsevere trial, the wear 
hardly exceeds o™,oo9, and the duration of steel rails 
ought under similar circumstances to attain a period of 
not less than fifty years. 

The wolfram rails from Terre-Noire wear more rapidly 
than the other steel rails. They arc evidently made of a 
steel containing less carbon, so that the wolfram has not 
succeeded in hardening it siiiliciently. 

The Eastern (iompany has also made experiments 
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which iHive coiillrntcd, in L'vory jiarllciilur. those dI' llii- 
Noi'lhem (iouipaity, on llie i;otii|)<iriiliv(! reKislaiiciiii uThleel 
iiud iron. 

One of the Icsls for the wroujflil iron niils, loiisisls in 
placing a bar on two supports i*", lo apart, ami luadinj; 
it in the middle tif ils length, with weiyhls which are in- 
creased till a fracliire is produced. The bend of the rail 
nnder each weight is measured, as also th« permanent 
bend that it bus acquired after the removal of this weij'ht. 
The rollowiiig ;iv('r;i{;L's wrre dblaiiiod from Ao bars at llie 
Sliririjj iron wurks. 



I 



Of llie 'lo rails cvporimenled ujion, aG broke under a 
n(.>ij;lit ol' 3o,ooo kilogrammes, () under Sa.ooo., and 
5 only could not be broken, the testing machinery no! 
being constructed to support a greater load. 

The niomentuin of inertia of the section of the rail is 
I ^ 0.000008a. Bv the introduction of ibis value into 
P«3 



E 



hSf, 



and making P=i3.ooo kilogrammes, for- 



mula « = I ".10, y=; o^.oo'jHS. the modulus of elasti- 
cily is found, E= 1 /j,3x»o". Thi? corresponding bending 
tnnment is f/ --^ la.ouu i.m _ ;t_.1nn kilngrninmetrps, 
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nnd the strain to which the fibres most worked are sub- 
jected is R = 3,3oox^ = 3,3ooX7,56o«=q/j\9Xio^ 

By applying the same calculations for the weight of 
10,000 kiiogrammes. and only taking into account the 
elastic bend 4"'", 1 9 - o"*", i 4 there is found E= 1 3,5x 1 o^ 

Thus, although the permanent bend under a weight of 
10,000 kilogrammes, is very slight, the elasticity is al- 
ready changed. It follows then , that the wrought iron rail 
can only resist, without alteration, a bending moment of 
little more than 3,3 00 kilogrammetres , or about 90 kilo- 
grammes per square millimetre, and its modulus of elas- 
ticity is K =^ 1 4,3 X 1 o'. 

The steel rails are subjected to a similar test; but at 
the Terre-Noire works, where the trials have been made, 
the points of support are only 1 metre apart instead of 
i",io. The following averages show the result of thirty 
lliree trials : 



WEIGHTS. 



18,000^ 
20,000 

a5,ooo 
3o,ooo 
35,000 



BE.NDING 



UNDER WEIGHT. 

.') 5^1 
19 63 
tin a5 



PBRMAMJIT. 



0"'",l3 

o a'l 

a 1 1 

8 o3 

so 3i 



Onlv one of the 33 rails tested, broke at 38. 000 kilo- 
grammes, as for the 3!i rt»maining. lht» machinery was 
not suHiciently powerful to fracture (hem. 
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Under the weight of 1 8,000 kilo^^ramiiies, the elastic 
bend being a"",6 1 - o""", 1 3 , there results E=! 8,/ix 1 o^ 
Under that of ao,ooo kilogrammes there is /*= ^'"",98 
— o"",24 and E = 1 8,5 x 1 0^. 

Thus, under a weight of 90,000 kilogrammes the elas- 
ticity remains without alteration, though the permanent 
bend is appreciable, but this bend is, in fact, more ap- 
parent than real, and is partially due to as light penetra- 
tion of the knife edges constituting the points of support. 
In the Stiring apparatus for testing wrought iron rails, 
the supports have not sharp edges. 

The steel rails then resist, without alteration in their 

elasticity, a bending moment /i=ii^!522^iii5?= 5, 000 ki- 

lognimmetres which corresponds to R==5,ooo X 7,060 
= 37^8X10^ 

By comparing the above mentioned results, it follows 
that : 

I . Steel rails support, without alteration in their elas- 
ticity, a greater molecular strain than iron rails, in the 

relation of -^^^ i»5. nearly; 

•J. The relation of the moduli of elasticity is ~A! 

^ i,a8; 

3. Nearly all the wrought iron rails fracture under 

a bending moment equal to ^^woc^o _ j,^;^^ |.jj^^_ 

4 

I L'l iL • I I • 1 'H8,00C)Xl,00 

grammetres, while those in stj.'el resist :--- 

9,5oo kilogrammetres. As the ap|)aratus em|)loyed for 
testing did not possess the strength rei|uisite to fracture 
the steel rails, the exact relation of resistance to fracture 
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cannot be expressed, but it may be seen that this rela-^ 
tion must be very considerable. 

The resistance of steel rails to shock, is also much great- 
er than that of wrought iron rails. The latter are tried by 
means of an apparatus composed of two cast iron supports, 
distant from each other i "", i o , and resting on an oaken 
frame, supported by a solid mass of stonework. A cast 
iron monkey, 3oo kilogrammes in weight, is let fall 
upon the middle of the rail between the supports, and 
the height of the fall is increased until the rail is frac- 
tured. 

The following results have been established at la Vil- 
letle, by means of an apparatus established under these 
conditions : 

Six Vignoles rails were each cut into two half-rails 
fi metres in length, and each half was tested under falls 
from height^s of o",*j5, o"',5o, and o",75 successively. 

The tests have been made both in winter and summer, 
in order to ascertain the effect of the different tempera- 
tures upon the resistance lo vshock. The heights for the 
fracture of the Iwo halves of each rail are given below : 

Winlcr..'. . r\oo (r,7r) r',a5 i'",']b i^oo i^So 
Siimmor... i^iio r',75 i^jo !r\5o a"\5o 9'",.')o 

Winter average. . . i'",3i. Average leo]peraturc . . — 8* 
Summer average . . i"',96. Average lemperaiure . . -f^- afi* 

The steel rails are subjected to a trial much more se- 
vere. The monkey weighs 3 00 kilogrammes and the sup- 
ports are 1*", 10 apart, as for the wrought iron rails. But 
these supports include, and make one, with a cast iron 



STKKL HAILS. — KAaTEHN COHI'AMY. 73 

anvil 10,00 kilograitinieii in weight , rounded on the ma- 
sonry. Commencing al i^jo, the heiphls of fall are in- 
creased by o'",5o. 

or thirty three cast steel rails tested at Terre-Noire, 
1 was IVactured at i^jOO, i at a metres, a al 3 metres, 
•J at S^.So, 1 al 4 metres, U at 6"',5o, i at 5 metres. 
The remaining rails to the number of sixteen, resisted 
the jjreatest height of fail that the apparatus was capable 
of giving. 

Similar appliances enabled the Northern Company to 
institute a comparison belween their new type of steei 
rail, weighing 3o'*,3, and the old wrought iron rail of 
S^'*.!*. The results obtained were analogous. The weight 
of the monkey did not exceed soo kilogrammes; but the 
other arrangements resembled those at Terre-j\oire. The 
heights of fall were successively i metre, i^jSo, i^.^o. 
a metres, 2'°,oo, 3 metres. S^.'io. Eleven' slee! rails 
nut of twelve resisted the maicimuni height; only one 
vielded al S^.io, and in this instance, a defect was ob- 
served in the foot, at the section of fracture, Fourteen iron 
rails being tried in the same manner, i was broken at 
) metre, 3 at i^i^o, 3 at i'",7o, i at a metres, a at 
■j^.So, a at 3 metres, and two only resisted at 3"',io. Not- 
witbslaiiding the difference of section, the absolute relation 
of average heights of fracture exceeds i,o6. Allowance 
being made for this dilTerence, it will he found that the 
relation of resistance to fracture . belween the steel and ihi' 
wrought iron, exceeds i,i)6x i,i8 = i,84, 

The;>e results induced the Eastern Company to consider 
ihe iMpcdiency nf adopting a Bessemer steel rail of re- 
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duced section, as the Northern Couipany had previously 
done. The rail was submitted to the inspection of the Gov- 
ernment, and by a decree of the iS'** January 1878, the 
Eastern Company was authorized to make use of steel 
rails weighing 3o kilogrammes per meti*e. 

The new steel rail of the Eastern Company has a normal 
length of 8 metres. The joints are ilshed alternately and 
crossed o"*,6o , so that the joints of one line of rails do not 
correspond to those of the other. Experience has demons- 
trated that this arrangement conduces to the stability of 
the joint sleepers, and to the regularity of laying down in 
curves, also that it lessens the shocks due to the solution 
of continuity and to the slight deflection arising there- 
from. The number of intermediate sleepers, since the 
joints are alternate, is nine per rail of 8 metres. Sliding 
in a longitudinal direction , is prevented by iron wedges 
fixed to the sleepers, and meeting the ends of the fish- 
plates; thus there is no scaif in the foot of the rail, and 
consequently the great weakening, which every hollow 
causes to the steel rail, is entirely avoided. 

All these arrangements are given in the drawing exhi- 
bited, to which is added a pattern showing the section of 
the rail. 

Up to the present time, (he length of line laid down 
with rails of this type is "jo kilometres. The orders in 
course of execution, are equal to a development of 7/10 ki- 
lometres. 
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PAKIS, L\ON AMD Ml!:DITEHI\ANEA^ RAILWAY COMPANY. 



1. MODEL PM. 
"om the vear 1867, llie i'aris, Lvoii and McdilPprn- 
noan Railway CoDapany bad decided to employ steel rails 
only, ill re-laying their Unos from Paris to Marseille, a 
distance of S60 kilometres. During a year the number ul 
trains on eacli line exceeds 10,000. at def{rees of speed 
attaining to 90 kilometres an hour. 

At the commencement of 1 Syfi. the lenglh of (he jior- 
lions re-laid, was already i.iao kilometres of sinjjie line. 

Arrangement 0/ the line in rails on the PM model. — The 
rail exhibited (PM model) weighs 38^»,85o per metre. A 
wrought iron rail (model PLM) is used on all the new 
Mediterranean lines, and the rail in question oiilv differs 
from it in thickness of web, whicb is reduced from 16 to 
1 '1 millimetres, and in breadth of foot, which Is mcreased 
from 100 to iSo millimetres. 

In both types the head and foot have the same dis- 
tance and inclination, and are thus adapted lo the same 
Gsh-plate. 

The normal length of thi^ rail is f> metres, and it is 
laid on eight intermediate sleepers, and with the joinLs 
not corresponding. 

Fithiiig. — Kach joint is consolidiittjd by two wroughl 
iron fish-plates with four holes, and coiitiecled hy four 
wrought iron bolls 95 millimetres in diameler, with two 
•xriew Jiiith lo each. Am iron spike which Ols into a gronvr 
ninlrivrti iiiitler ihc midfllp if the lisli-pbitc nml under 
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the lower side of the screw nut, prevents the nut from 
unscrewing. 

Metliodo/faslenuig, — The rail is fixed to each sleeper: 

1 . On the inside of the line by a chair-pin with two 

hooks or claws, fitted into a hole in the foot of the raiL 

in order to prevent the rail sliding in the direction of the 

line, at the same time to hinder it from canting; 

Q. On the outside of the line by a cramp with one 
claw. 

•J. MODEL PLM-A. 

On the other lines, where the tralfic is not so import- 
ant as on that from Paris to Marseille, the Paris, Lyon 
and Mediterranean Company has employed, since 1879, 
a rail lighter than the preceding one. 

At the commencement of 1 876 , the length of lines re- 
laid or formed with this second model, attained 10*878 ki- 
lometres of single line. 

Arrangement of line in raiU on tlie PLM-A model. — The 
rail exhibited (model PLM-A) weighs 33''',3o per metre. 
Its section is essentially that of the wrought iron rail 
(PLM model), in breadth of foot, depth, and breadth of 
flange, position of fish-plates, etc. It only differs from it 
in thickness of web, reduced from 16 to I'J millimetres, 
and in thickness of foot, which is reduced y,5 millimetres. 

The normal length of the rail is 6 metres and it 
rests either directlv, or bv the medium of a bed-plate, on 
six, seven, and in some cases, eight sleepers. 

The two sieepei*s on cither side of thr joint are always 
fitted with bod-plales. 



Fishing. — Each joint is consDlidated by Iwo wroug'ht 
iron tish-{>lat<!.'; uilh four holes, connected hy four bolts. 

One of ihi' fish-plntes is on tlie same model as that 
employed on the line PM ; the second designated as 
fish-stop-piales, extends below the plane of the rail foot, 
in such a manner aw to meet the bed-plates laid on the 
joint sleepers, and thus prevent a movement or shitting of 
the rail. 

Tlie hulls of the iish-plates, and the iron spike that 
liocps llie nut from unscrewinj;. arc the same as on the 
line PM. 

i)iethod of failPiiiiijf. — The rail is (iaied to each sleeper 
by means of two ^irretvM placed on the edge of the rail- 
fool. The foot is neither pierced nor scarfed. 

Manufacture. — The raiU PM and PLM-A arc made at 
(he worLs of (Irciisot, Terre-Noire. Bess^ges, Firminy. 
SaJHt-Etiennc, Imphy and Commcniry. either in Bessemer 
iir Martin steel. 

Whatever may be the melhud employed in the manu- 
facture of these rails, they easily resist the conditions of 
trial hereinafter mentioned, and the results obtained at 
the various ironworks show no appreciable differencp. 
However, in somp. the Martin steel appears a little harder 
than the Be*.semer. wbile in others the Bessemer steel hax 
the advantage. 

7V«tii for arrricr. — One per cent of the rails manufac- 
tured, are subjected to the following tests : 

I. Each rail placed on (wo points of support, one 
metre apart, must bear, during the space of five minutex. 
in the middle of the inlirval belwfcn the points of sup- 
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port, a pressure of iio tons for the rail PLM-A, and 
3o Ions for the rail PM, without rctainiuc; any appreciable 
bend after the trial. 

9. The same rail, in the same position, must bear for 
five minutes, without fracture, a weight of 35 tons for 
the rail PLM-A and ho Ions for the rail PM; afterwards, 
the pressure is increased until the rail is fractured. 

3. Each of the halves of the rail, placed on two points 
of support 1°", 10 apart, must bear without breaking, the 
shock of a monkey 3oo kilogrammes in weight, falling 
from a height of i",70 for the rail PLM-A , and of a metres 
for the rail PM , on the middle of the interval between 
the supports, and without retaining, after this test, a 
permanent bend of more than 8 millimetres. 

U. A clean strip, 70 centimetres in length, is to be 
chosen from each casting, and to be placed on two sup- 
ports 5o centimetres apart. It must bear without break- 
ing, the shock of a monkey 3 00 kilogrammes in weight, 
falling from a height of i",3o for the rail PLM-A and of 
i"*,5ofor the rail PM. 

Resultt obtained witii steel. — Up to the present lime the 
experiments have given the following results : 

The wear of steel rails proceeds regularly and in pro- 
portion to the accumulated strain, or to the number of 
trains passing over the lines. 

On an average, this wear may be estimated at 1 mil- 
limetre for 00,000 trains. 

The flange of the rails PM and PLM-A can, without 
being too much weakened, be re-cut or permitted to wear 
away uniformly to (he extent of more than 1 millimetres. 
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There is therefore reason lo suppose ihat the passage of 
5oo,ooo trains would be required to put the steel rails 
past service. 

Taking fairly into account, accidents and the possibility 
of mistakes, if only /iioo,ooo trains are admitted as the 
limit, and on the other hand, if it is remembered that 
the average duration of iron rails, under the same con- 
ditions, corresponds to the passage of 80.000 trains, the 
conclusion is inevitable, that steel rails must be consid- 
ered capable of lasting at least live times as long as those 
in wrought iron. 

Broken rails, — The average number of rails broken, 
so as to render it necessary to withdraw them from the 
lines, is one rail per year for everj' 1 5 kilometres of line. 
For the most part, the fractures take place within the 
first few days of the laying down and use of the rail , and 
must frequently be attributed to a defect in the manufac- 
ture. After a resistance of some months, it may be con- 
sidered that the steel rail is beyond the reach of accident , 
and cannot be broken. 

Cost price, — At the present price of metal (February 
1876), the kilometre on a single line in steel (metallic 
|)art) costs : 

1. Ll.^R PM MODKL. 

77,700 kik)grainnM>8 of rails at 960 francs per ton . . . 1 8,6/^6' 00' 

666 Csh-plates (weight 5S3o) at 100 francs per ton. . 670 (i<i 

1,339 bolls (weight 0^70) at Hfio francs per ton 3a6 36 

9,664 chair pins (weight o\/i 1 ) at 3&o francs per ton . 371 M\ 

9,66'i cramps (weight o\3()) at 3/io francs por ton. . 353 m') 

Toral .io.36(y6r 
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3. LIRB PLM-A MODEL. 

66,600 kilogrammes of rails at a/io francs per ton. . . 15,98/1' 00' 

333 fish-plates PM( weight 5^3o) at 190 francs per ton. 335 33 

333 fish- stop > plates ( blisses -arr^t) (weight 7S58) at 

soo fr. per ton 5o& 83 

1,33a bolts (weight 0^70) at 35o francs per ton Safi 36 

999 steel bed- plates (weight l^83) at a6o fr. per ton. /175 3a 

3,996 iron screws ( weight o^36) at /lao francs per ton . 60/1 ao 

Total i8,a3o'oa' 

The four patterns exhibited, come from the iron firms 
designated above. 

Note. For details see the tickets on each of the rails. 

SOUTHEHiN RAILWAY COMPANY. 

The Southern Railway Company employs stoei rails on 
the principal lines of their system. 

These rails are made either on the Bessemer or the 
Martin plan, and arc supplied by the various French iron 
works that have set up the machinery necessary for their 
fabrication, viz. Imphy, le Creusot, Terrc-Noire, Firminy 
and Commentrv. 

With some rare exceptions, the steel rails employed on 
the Southern lines, are all double headed, and their 
form is the same as that in use for ordinary rails. 

\ormal lenglh of rail 5"*,5o 

One tenth of rails supplied 5"*,ili6 

Distance of sleepers from joint o",6o 

Distance between intermediate sleepers o",98 

Rail in Martin steel from the works of the anonymous so- 
cicty of steel works and forges of Firminy. — Manufac- 
ture in 187 a 38^',ooo 

(The Company has also employed rails of Ihe same section 
in Bessemer stpel from the works of Terre-Noirp and of 
Befweges. ) 
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r.liairs froin itin iron vrorka orMBrquifetPMS-de-Ciilais). — 

Manufactured in 18G9. — WeifiLl of a chair ir.'-'.jiin 

Chatrpini made ai (he Dervaui works at Vieux-Conde 

(Sard) en 1H7J. — Weighlofa chair-pin n'',4;i(i 

Wedges supjilied bj M. BBstial, of Uax (Landes). — Mntiu- 

factured in 1873. -— Wei(,'bl of a wedjfi' ii'',(joo 

Ftsb-platfs from the Aluis woila. — Manuractiired in 1 87^. 

— Weijfhl ol a pair i)'',iO'j 

Pish-Ults iiiaaufaclure<l al the works of M. Vankslck, neor 

\alenciennes, 1873. — Weight of a boll o'«.'iA5 

Rninel hoUnw rail in Bessemer slael for lurn-lsble, from Ibe 

work* of Terre-Noire ( Uire).— Made in 1 870.— Wcijihl 

per melre nin 3S'',5on 

lifxif{lli lai(I.ii|) (y llie 3 i" Dpcenibpr 1 87^1 : y.1''".5f)ri''. 

ORLEANS RAILWAY COMl'ANV. 

The Orleans BaJIwaj Com|ian) makes use of steol rails 
on those sections of their hnes where the tnifTic is the 
most important. 

These rails, man ti fact ured either by the Bessemer or 
by the Martin process, are supplied by the variuus French 
firms that have set up the apparatus necessary for these 
systems," viz. Imphy, le Oreusol. Terre-N'oire, Kirminy 
and Cnuimentry. 

With some rare exceptions, the steel rails employed on 
the Orleans lines are all double headed, and the shape 
does not dilTer from that in use fur ordinary rails. 

The weight of rail per ujetre is 3t) kilogrammes for 
those in wrought iron, while for steel it is a little more, 
in consequence of the different density of the two metals, 
and may be calculated at an average 3^ kilogrammes. 

The rails are S^.So in length , and are fished with alter- 
ralc joinls. They rest on si\ oak sleepers, by the inediiiiTi 



82 STEEL lUlLS. ^VESTEK^ COMPANY. 

of cast iron chairs, and ihis arrangement {jives an average 
distance between each sleeper of — ^ =^9^6 niillimetres. 

The chair weighs g'^^DO, and iiasa base surface of 3a 'i 
square centimetres. 

WESTERN RAILWAY COMPANY. 

The Western Company makes use of steel rails on their 
most important lines. Up to the present time, the rails em- 
ployed have been supplied by French firms, viz. Nie- 
derbronn, Imphy, le Creusot, Terre-Noire, Firminy and 
Commcnlry, and have been manufactured by the Besse- 
mer and Martin processes. At the commencement, a small 
quantity were fabricated in steel cast in the crucible. 

The length of single line laid with steel rails at the 
close of 1870, had attained to 5oo kilometres. 

With the exception o{\}\o Vignoles rails, employed on 
the great lines , the steel rails are of the double headed 
type, and are the same in section as the wrought iron 
rails. 

Their average weight is SS'^^yS per metre run, or 
1 kilogramme more than the wrought iron rails, which 
weigh 37'*,7o. 

The rails are 6 metres in length , and are fished with 
alternate joints; the fish-plates employed with the steel 
rails, are also in steel. 

Through the medium of cast iron chairs, the rails rest 
on eight sleepers, 6 metres in length. They are separated 
from each other as follows : 

The first chair is placed at a distance of o*',3o from 
the extremity of the rail ; 
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'The second is placed o"',yo from llic iirst; 

And the olhers at o^.So , one fcom tie othiir, fpoiii centrti 
111 cenlre. 

The cast iron cbairsweigli i a kilugrammes, and |uvsent 
.1 base nf ItS'i cenlmielres sijuare. 

The chairs are fastened by niuaiis ol' two screws, in tho 
straight parts of the line, but for the curves, three arc 
used for the row of rails on the greater radius; there are 
also two different models of chairs. 

During the year 187/1, '' "^^ decided to adopt a Vi- 
gnoles rail, weighing nearly 3o kilogrammes per metre 
run, for theconstriiclion of now lines. The model selected, 
is conformable to Ibc type employed by the Northern Rail- 
way, with the exception however of thn arrangeni'^nl of 
the fishing, which is to be alternated. 

Considerable orders, represenlinj; more ihan Tioo ki- 
lometres of line, have been given, and can be executed 
and delivered during the ensuing years, when required 
by (he lines now in course of construction. 
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COLLECTION OF LITHOGRAPHED TYPES 

OF THE PL\NT AND ROLLING STOCK 

ADOPTED 
B^ TIIR PRINCIPAL FRENCH RAILWAY COMPANIES. 



Portfolios of drawings. 

In 1 867, the great railway Companies exhibited a col- 
lection of Iv'pes of their plant and rolling slock in general 
use at that period. 

This collection , to which are constantly added the mod- 
ifications suggested by experience, constitutes an assem- 
blage of lithographed drawings which possesses the merit 
of presenting with accuracy the existing state of the plant 
of the principal Companies. 

It has been thought that a review of the alterations that 
have taken place during a period of nine years, would not 
be devoid of interest, and that the various improvements 
necessitated by the great development of French lines of 
railway, would be worthy of the attention of professional 
men. 

It is not intended to describe in this notice the nu- 
merous drawings contained in the collection, but simply 
to place in view the principal peculiarities of the French 
plant and rolling stock, and to furnish a few succinct ideas 
relative thereto : i. with regard to the line upon which 
the plant is employed, and 9. the working arrangements. 
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.tECTION OF LlTilUdH.iPHEU TVPES. ^ 



S I. I'EHMAr 



Lintil of curven and gradients. — When railways were 
lirst established in Americii, ihe counln' was, so to speak, 
new , and comparalively unprovided with lines of commu- 
nication. This was not the case in France, where the spe- 
cial functions of this novel method of locomotion were to 
realise, in connection with the ordinary roads, on the one 
hand, an accession of speed for travellers, and on the 
other, a considerable saving in the transport of goods. At 
the commencement of railways in France, some of the 
leading principles of Ihe English lines were adopted, in 
respect of light gradients and large curves, but later, the 
rules first laid down, were departed from lo a certain ex- 
tent, in order to lessen the etist of construction in hiJIj 
districts. Nevertheless, curves of 3oo metres, and gradients 
of 3o to 35 millimetres, are still the extreme condilions, 
and 'thesn are only met with under circumstances of an 
eiceplional character. 

Permanent way laid under Jiimuralile eondtttont. — The 
permanent ways in France are distinguished by the sub- 
stantial character of their construction. The necessity and 
advantages attending this feature of their establishment, 
were recognized at an early opoch in the history of French 
railways. In fact, from May 18^7, rails of 37 kilogrammes 
were replaced by rails weighing 35 lo 87 kilogrammes 
per metre run, and since that period, the conditions of 
railway concessions have always enjoined for the principal 
lines, a weight of more than 35 kilugrammes per metre. 
One metre was for ii long limi- llic avera.-je space hi^lwfen 
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the points of support, ihat is to say, ono sleeper per 
metre run. But for lines upon which the traflic is the most 
considerable, the distance between the sleepers has been 
greatly reduced, as can be seen by referring to the no- 
tices relating to lines recently laid with steel rails. 

The whole of the permanent way rests on a bed of good 
ballast, the thickness of which, measured from the lower 
face of the sleepers, is generally 3o centimetres. 

8 II. — Crossings. 

SIGNALS AND ACCESSOIKES. 

CrossiugH and sidings. — The switches are nearly all on 
the English model (Wild's system), in which the tongue 
diminishes in size and. terminating in a point, identifies 
itself with the rail. 

All the parts are now made of steel. In laying the cross- 
ings, there exists a marked tendency to do away with the 
frame or longitudinal sleepers , and to substitute 'cross 
sleepers as nearly similar as possible to the ordinary way. 

The transmission of the switch movement to a distance, 
is in course of experiment on some lines. 

Turn-tables and traversers. — The ordinary turn-tables 
for carriages, are generally made of cast iron, while those 
of 10 to 1 h metres in length, intended to bear an engine 
with its tender, are usually formed of two iron plate gird- 
ers, and moved by small portable engines of q to G horse 
power. 

The shed traversers are also fre<juently furnished with 
small engines, and steam traversers are iri course of trial 
for the service of certain great goods stations. 



i;oi,lei;tii)-N of lituugiiai'heu types. 8" 
Water mpplij, lit/dritHlx. — Foimerly , ihe walrr was 
supplii?d by means of i?nj;ines with fixed boilers, that is 
to say, laid in masonry. But it has been found more ad- 
vantageous to employ a portable engine, purtiHlly lixeid. 
and capable of being easily changed or conveyed lo the 
shed for necessary repairs. The Northern Railway Com- 
pany even uses the ordinary portable engine mounted on 
wheels, and working the pumps by means of a driving belt. 
The ordinary hydrants are not ade(|uale to t)io su|iply 
(if large engines, during Uie short space of time allowed 
for ihi- stoppage of an express train, and it is now a cou- 
Mclerable lime, since the Korthern (Company siibsliluted 
for the ordinary hydrant a small reservoir, containing 6 or 
■J cubic metres, coumiunicating with the large reservoir 
and discharging itj>elf promptly. This example has been 
followed by odier lines, and notably so by the Western 
(•ompany, whose reservoir mounted on cast iron pillars, i.i 
worthy of attention. 

Slitlloii si^uils. — The Governnieiit regiihilions ordain 
(he usti of signals at all stations. For the most ))art lliey 
runsisl of round sheet iron discs, turning on a wrought 
iruii spindle, In such a manner <is to show at discretion. 
a red »id<i , commanding the stoppage of trains. These 
discs arc- worked at distances of from i,oao to 
i,5oo metres, by means of levers and iron wires. The 
luobl serious ddliculty to sunnount, was the dilTeronce in 
tile length of the wires caused by dilatation. This pro- 
blem has been solved in a satisfactory manner by variou:< 
means shown on the drawings fnrnished by the C.ompa- 
oies. One arr.ingenirnl . which is bcin/; gener;illy lulopled. 
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is thai of a counter-poise, Robert's systetn, and is much 
used on the Northern Railway. 

The distance discs are not visible from the manoeuvring 
point, and are connected by electric bells in order to an- 
nounce the correct working of each. 

The Lyon Railway uses semaphores, placed in the inte- 
rior of the stations, and at several points on the line, to 
preserve a proper distance between the trains. The Orleans 
Railway employs for the same purpose a special round disc. 

Signals of a yellow-colour are used in certain cases for 
the lines or for goods trains. 

In the interior of the great termini, it is often necessary 
(o establish a communication between the different switch- 
boxes, and this is effected by electric apparatus; . or more 
frequently by small discs of vanous shapes, worked by 
wires, but having no significance for the engine-drivers. 

It may be noticed that wrought and cast iron have 
been substituted for wood, in the uprights, irames, and 
other parts of the apparatus. 

Junction signals, — The junction lines are protected in 
all directions by a system of signals, the working of 
which, is combined so as to avoid collisions. The Northern 
Company, for example, places in advance of the points 
of junction a special square indicator, quartered in green 
and white, at sight of which the engine-driver is to slacken 
speed. In addition to this, a square red signal, furnished 
with a petard or detonator, is placed at a distance of 
100 metres from the point of crossing. This signal com- 
mands the absolute stoppage of trains. 

The Lyon Railway gives warning of the approach to a 
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iTussing by iiieuiis of a transparency, hearing the word 
alop, which indicates the point not to he pnssed, when 
the line is not clear. This lattur signal is made from tlie 
post of crossing, by two unequal semaphores, the largest 
of which has reference to the main line, and the other to 
* the branch. 

In order to distinguish, at night, the absolute stoppage 
signal from the simple sal'oty disc, the Western Company 
makes use of a lantern in which a single lamp shows ttvo 
red lighu by means of reflectors suitably arranged. 

Interlocking of stvilches find gignah. -^ From i85^i, 
M. Vigtiier. one of the engineers of the Western Itailway 
Company, proposed to connect the levers of the switches 
with those of the signals. Iron connecting rods, moved by 
the levers themselves, are fitted with notches or ring- 
books combined so ns to interlock both. With this contri- 
vance » junction cannot be formed by the switch, nor can 
a train cross another line, until the proper signal has been 
made. This method of interlocking is also to be recom- 
mended in the case of signals protecting the turn-tables. 

This system was applied for the first time at the Viro- 
flay junction near Versailles, and being in general use on 
the Western Railway, will probably be adopted throughout 
France. During these latter years it has been employed on 
the English railways, notably by the celebrated construc- 
tors Sanbv and Farmer. 

■ Biorkiitgoftrnim. — On the most important lines, great 
advantage has resulted from the plan of putting an in- 
terval of distance between the trains, instead of an interval 
iif lime. Kor ihis [nirpose, the line niiisl he divided iiilo 
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a certain number of sections, into each of which only one, 
or at most, two trains are admitted. This is the English 
block-^siem^ which affords greater facilities for the traffic 
while it assures the safe working of a double line. 

The' block-system is employed on various lines in 
France. The Lyon Railway Company makes use of the sta* ' 
tion distance signals, for this purpose, adding the English 
Tyer apparatus. The Western Company has boxes fur- 
nished with distance and complete stoppage signals. The 
electric apparatus employed, is due to M. Regnault, one 
of the principal managers of the line. 

The Northern Railway is testing the semaphores of 
M. Lartlgue, inspector of the telegraphic service, and an 
experiment is being made between Paris and Creil, a dis- 
tance of 5o kilometres. In this system, a single movement 
of the lever, signals to the preceding statioq, and conveys 
at the same time, the necessary indications to the station 
towards which the train is proceeding. 

Fog signals. — During a fog the engine-drivers cannot 
see the signals from a distance, and to remedy this incon- 
venience, the Northern Railway has put upon trial a system 
of MM. Lartigue and Foret. A metal plate, & or 5 metres 
in length, is placed between the rails, some hundreds of 
metres in advance of the signal , with which it is connected 
by an electric wice. A strong wire brush is fixed to the 
locomotive, in such a manner as to rub^the fixed plate. 
When the disc is closed, the brush is subjected to electric 
influence, and by means of an electro-magnet it sounds 
a small steam-whistle. It then behoves (he engine-driver 
to take iumiediate steps for the sto|)page of the train. 
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ROLLING STOCK. 



. Al)*PTATION UF THB 

F THR LINBS iKU THB TnAFFIC FOR W 



K TO THR NATURE 



The general coaditions of ihe CNtiiblisliinent of [lie pei- 
iiianent way have been dwelt upon at some lenglh, in 
order to demonstrate that Ihey are in perfect accordance 
with the rolling stock intended to circulate upon llie lines. 
The carriages are of the En|;lish type, that Is to say, with 
Iwo or three rigid axles, which would not permit a great 
degree of speed in curves with small radii. On the other 
hand, in an economical point of view, as regards the 
working, tliis system has afforded, up to the present time, 
the advantage of the greatfst absolute utility, or in other 
words, the smallest dead wvijjhl in proporliou lo the load 
carried. 



- r« 



^^^PKnitre iitifl speed nj Iratm. — The condition of canals 
in Prance and the arrangement of aavigaLIc ways, still 
leave (o railways the transport of a large proportion of 
heavy materials and agricultural products, viz, coal, min- 
erals, stone, cast and wrought iron, wine, grain, etc. The 
goods trains are generally heavy, and run at the slow 
flpeed of a 3 kilometres per hour, average rate , not includ- 
ing stoppages. The cattle trains most frcquenlly travel 
3o kilometres per hour. 

The conveyance of goods at full speed, is eitectnd by 
ordinary or mised passenger Irains, at a rate of from 'in 

Bq kilometres per lioiir, sloppages not included. 




J 
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And finally, the fast or express trains attain a speed of 
60 to 70 kilometres per hour, according to the impor- 
tance of the direction. 

On branch lines, where ihe traihc is of less imporlaoce, 
the trains are generally mixed, carrying goods and pas- 
sengers al the same lime, with an average speed of from 
35 to /i5 kilometres per hour. 

Composition of ptisaenger trains. — It is known to all engi- 
neers that European railways admit of three classes of 
passenger carriages. In France, mixed trains consist of 
carriages of all classes. Express trains were from the com- 
mencement exclusively composed of first class carriages, 
but at the present date there exists a strong feeling in fa- 
vour of the addition of a second, and even of a third class, 
for long distances. This innovation is already an accom- 
plished fact on certain lines and for certain trains. 

The preceding statements having suiFiciently indicated 
the principal conditions of the establishment and working 
of French railways, they will now be followed by a des- 
cription of the rolling stock of the lines. 

S III. — Carrmges and wagons. 

Advantages of the French plant in ihe favourable relation of 
dead weight to actual load carried, — Of all plant con- 
structed on the English type, the French presents the 
most perfect realisation of utility, and in order to facili- 
tate comparison, some examples, in a synopsis of dead 
weight and actual load, will he given at the end of this 
chapter. 

This small relation between dead weight and actual 
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musl not l)e placed merely to llic credil of exct'llence 
of conslmclion. but also to a judicious appreciation of 
ihe load or carrying capacity. Since 1 85a , the Northern 
Railway, havin;>; to run coal trains direct between Belgium 
iind Paris, h distance of more than 3oo kilometres, 
substituted wafjons containing to Ions for those car- 
rying 6, and the dead weight per ton of actual load 
was diminished from iJ^jo kilogramme.s U' Itoo. At the 
same time locomotives with six coupled wheels, were con- 
structed for the same service, weighing 3a '- tons, and 
drawing trains of liao tons gross, at a speed of a/i kilo- 
metres per hour, on lines with );radients of h millimetres 
per metre. At the present day lliesi' trains weigh fJ3o tons, 
and are drawn by locouiolives with eight couplerl wheels 
weighing from Ao to hli tons. Various circumstances, re- 
lating to the loading and unloading on the coal lines or 
stations, have caused the retention of this load limit of 
lo tons, hut there are strong rea.sons for believing that 
this figure will eventually be augmented lo i 3 or i 3 tons, 
without increasing the number of axles, as soon as the 
rails on the principal lin<'s are replaced by steel rails. 

Carriages of jiaateiiger Iratna. — The passenger car- 
riages have all li wheels, except on the principal lines of 
the Paris. Lyon and Mediterraman Cojiipanv, where 
6 wh'>els are used. 

It has been already stated ihal there were three classes 
of carriages. 

. First class carriages have 8 seats tn each compartment. 
The second and third class have lo. The third class car- 
riages have no cushions or hark slulling, and the hacks are 
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more or less high , without reaching the top of the carriage , 
except in the compartments reserved for ladies only. 

First class carriages most frequently consist of 3 com- 
partments, the second class of /i, aod the third of 5. In 
order to secure the stability of carriages, when travelling 
at a high rate of speed, their length has not been in- 
creased in proportion to the distance of the axles from 
each other. 

The distance between axles has reached its limit; not 
according to the radii of cun'es, but owing to the di- 
mensions of the turn-tables generally employed in the for* 
mation of trains in the stations. The distance between the 
axles is /i"", to and h metres, on the Lyon, Northern and 
Western Railways, while on other lines it is S^jGo on the 
average. At the present time a reaction is operating against 
the constraint arising from the size of the turn-tabies, and 
the means of obviating this inconvenience are in course 
of consideration, at least for trains going long distances, 
without separating. 

The carriages are connected by means of screw cou- 
plers, acting upon springs which bring the hufferi into 
contact and press them togeth(*r in such a manner as to 
avoid the movement of oscillation. Two chains, called 
safety chains, complete the coupling, wliich is u$ufarmfar 
all the carnages. 

The body of the carriage rests on a frame, for the side 
pieces of which, iron is coming more and more into general 
use. The Lvon Company constructs the frame entirely of 
iron. 

The axles are of wrought iron, and more rarely, of soft 
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steel. Tbe wheels aiv of three kinds : t . Whpuls in wrougiit 
iron with a cast iron nave; g. Enlirelj' in forged iron 
{Arbel tyjic): 3. In roiled iron with the shape of a complete 
disc, in urJiT not to raise the dust. 

Cast iron wheels are not used. 

The lircs are in wrought iron or soft flleel. 

The greasing is usually elTected by means of oil hoxes. • 

In addition to tbe general arrangements, of which men- 
tion lias beL'n jnade, various combination-s eiist,.iiisw('ring 
to special requirements, and which deserve notice. 

(A) Fir»l c/rtM ciurifi/res provided with coujuk or com- 
|)arUtients capable of being converted into beds during 
the night; 

(B) Sli'ppiitg can-iageg on four wheels (Mann's system), 
in which Ibe introduction of naleepmg-c 



lelbing 

like those used in America, has been attempted on a small 
scale; ' 

(C) Camiigfx open or closed, wilh roof seals, lor the 
service of ihe suburban lines of Paris, or the different 
branches : 

(DJ Carriages with compattmenls of dilTerenl classes, 
for the service of the small branch lines; 

(E) Cm-r'tiiges with a central or lateral passage, adojtted 
00 secondary lines, with the view of facilitating the 
examination and even the delivery of tickets during tbe 
journey, etc. etc. 

(F) Travelling post oijices, special wagons. 

Certain vehich-s form part of each train . and always run 
at th9 speed of passenger trains. These are tbe luggage 
vans, in which the guiird travels, and the horse boxes for 




1 



9C COLLECTION OF LITHOGRAPHED TYPES. 

ihe transport of horses, and capable of containing from 
3 to 7 of these animals. 

The establishment of a communication between the pan- 
engers and the persons managing the train, has not hitherto 
admitted of a definitive solution. Some experiments are 
being carried on by the Northern Railway Company, and 
^ thus far, the results appear satisfactory. The apparatus 
employed, consists of electric communication arranged 
according to the Prudhomme system. 

Goods wagons. — The general conditions of coupling, 
frame, wheels, etc., are the same as for passenger car- 
riages. There are three principal types of goods wagons, viz. 

(I) Covered wagons, with windows most frequently 
closed by means of sheet iron shutters. Their load limit 
varies from 8 to i a tons according to the traffic of the lines; 

(II) Trucks, with sides o°*,8o lo i",ao in height, for 
the transport of coals, minerals, etc. Their carrying capa- 
city is 10 tons; 

(III) Open ti^ucks, sometimes without any sides, but 
'generally with a movable hinged side o",3o in height, 

capable of being lowered at discretion. Their carrying 
capacity is in general lo tons. These trucks are fur- 
nished with ropes (^called prohnges) for securing the goods, 
and sometimes with tarpaulins to protect them from the 
weather. A certain number of open trucks are appropriated 
to the transport of long limber, and for this purpose, they 
are fitted with a transverse piece of wood, turning on a 
pivot fixed in the centre of the truck. Tbe ends of the 
timber rest on this cross piece, and vertical iron hart keep 
them in [msitioii. 
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'akcs. — The adoption of L«o nxlos 'uily, for orn' ve- 
hicle, enablts the brnko power lo lie ndjdstr^d ii|)on prin- 
ciples of great simpiicily. The most recenl improvements 
l*'nd lo acrelerati- llie action of the hiake, by a carofal 
study of the proportions between the screw and the va- 
rious levers; also by Gnahlinj; it to he more rapidly f\ith- 
drawn. Id these respects, attention will be directed lo the 
hrake» on Stilman^ s xygtem [Charentes or othw carriages), 
or to those of the passenger carriages and goods wagons 
of the Western Company. The cowilrr-pmc brnhs an 
Bricogne's system should also be noticed. These last are 
in use on the Northern Kailway; tiie counter- poise ae- 
f'elerates the action of the brake blocks, and the wagon 
brake next lo the loconiolive, can he thrown out of gear by 
the engine-driver. The counter-poise and disconnecting 
gear have also been adapted by \1. Bricogne to Newall's 
rontiounus brake system, which thus enables one man tn 
app ly the brake lo three carriages or wagons. 

^^^K^ S IV, LOCOMOTIVKS. 

^^^T%c conditions imder wliicli the permanent way was 
established , preclude the necessity of employing the hugie 
or movable fore-part, which is not used on any engine in 
France. Locomotives have, for ihc most part, li wheels, 
placed under the cylindrical body of ihe boiler. The fire- 
box usually overhangs , as the iialure uf Ihc fuel consumed 
is such, that only grates with a surface varying from 
I metre square lo i^.fio are employed. Nevertheless, the 
Northern Hailway lines being in close proximity to Bel- 
gium, ihe Company found it eipedient lo burn small coal, 
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and consequentiy their {p*atcs were made with a surface 
of from I'^^oo to fi"',5o square, the fire-box being above 
the trailing axle of the engine. The fuel employed is almo8t 
always real, very rarely coke, and at the present time 
all the companies burn conglomerated fuel, i. e. small coal 
mixed with pitch and compressed into the form of bricks. 

Free wheel locomotines. — These engines bave been much 
used for fast trains, and are divided into two principal 
types, of nearly equal number, viz. 

(i) Engines on Grampton's system (Northern, Eastern, 
and Lyon), in which the large driving wheel, having a 
diameter of from 9"*, 10 to q'^vSo, is placed behind the 
lire-box; 

(II) Engines on the Stephenson model, in which the 
driving wheel is in the middle, the third pair of wheels 
being behind the (ire-box. On this model are made the 
inside cylinder (Lyon) and outside cylinder engines, the 
former having the frame altogether inside (Eastern , South- 
ern, and Orleans), while the latter have a double frame 
(Orleans, Western, and Northern). 

Locomotives with ii coupled wheels. — The use of this 
description of engine was at first confined to mixed trains, 
but it has since been adopted for express trains. All sorts 
of models are in use. There are some in which the coupled 
wheels are placed in front, but in general, it is consi- 
dered better that a pair of free leading wheels should 
occupy that position, in order to guide the engine. On 
their principal lines, the Orleans and Lyon Railways use 
express engines on the inside cylinder model, for which a 
fourth axle, with a pair of leading wheels, is placed be- 
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hind the firp-box, Ihiis sceiirinj]; (li"* jii'rffcl stnliility of 
ihe locomolive. The Wesh-rii and Nnrlhorn flnmpHnies also 
[)refer ihe inside cylindor pufjinc. 

Locttmctitvi witli 6 roupM ivhepln. — Al (he prpseni 
time , these arc almost always made on the outside cyiindpr 
mode), and, in working order, weifjh 3*1 -i- Ions. A few 
light i-ngines, of 3o Ions, are still ronstrurtcd, and arr 
employed for mixed trains on branch lines. Nevertheless, 
certain lines pass through districts so uneven and hilly, 
thoufi[h forming sections of the principal railways, thai 
ordinary passenger Irains have to hi- drRwn by powerful 
engines: and it is for such wirk that Ihi^ Orleans and 
Southern (lompanies i^mploy locomotives weighing from 
3i lo 36 tons, with ti cnnpled wheels i^.lio in diameter. 

The greater number of Ihe lank fnginos allotted for 
stati'on duly, namely, Ihe formation and separation of 
goods trains, have f! coupled wheels. The dimensions of 
this desrriplion of locomotive are verv limited, and it is 
principally used on secondary line*. 

Lofomotitvf iviili S roupM wkrcU. — Thesi' engines are 
in general use on all th" principal lines, eicept the VVesl- 
ern. By Ihe (Vorlhern Railway flonipany, they are employed 
to draw heavy trains carrying full loads and going long 
distances. On the Orleans and Lyon Hadways, they are 
reserved fnr service in the diflicult or hilly sections. On 
the Eastern and Southern lines ihey serve for both pur- 
poses. All have iheir machinery and cylinder outside. 

Special {nfonwtnvi. — In Ihe department of Cantal. 
which the gradient-s are 35 milli- 
v has had lank engines cons- 



fnr a mountain line on 
ittflrps. the Orleans (lo 
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tructed with lo coupled wheels, and weifjhin^,^ (io Ions 
when at work. One of these engines was shown at the 
Flxhihition in iHG^. 

In anotlier order of engines, may he mentioned those 
on Meyers system, on the Herault railway. This line is 
laid with rails of 9 5 kilogrammes per metre run, and 
comprises gradients of ti5 millimetres, and curves with a 
radius of doo metres. These locomotives weighing 5o tons 
each (fuel and water included), consist of a single hoiter 
resting on two trucks, each having a pair of cylinders 
and 3 coupled axles. 

General remarks on the constituent parts of the locomotive. 
— The system of interior frames with outside cylinders 
and movement, prevails in the majority of engines. The 
frame- work is composed of side girders of plate iron 
rolled in one piece. 

The wheels are always in forged iron, and most fre- 
(piently with steel tires. The employment of steel has 
herome general for many of the constituent parts of the 
locomotive. 

The use of halance heams for the bearing springs, is 
only beginning to l>e introduced on some lines. 

The boilers are in iron plate, with copper fire-box and 
brass tubes. Some hav<; been made of (*ast steel plate, b\ 
way of experiment. Before its use upon the line, ever} 
boiler is subjected to the test of hydraulic pressure, and 
the trial is made in presence of a Government oflicial. 
This test is repeated every time the boiler undergoes im- 
portant repairs. 

The Government also enjoins the adoption of certain 
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iBSures and prt'cnulions pi s.ifctt Sinh for oxcuiiplf* 
as, a gratiDg or spark-catcher, tu prevent llie i-scapu ul 
fire-flakps from the smolic-hox . an ash-box lo kepp thi> 
L-indcrs from being scallered along the hne, to the giral 
danger ot fire; a ylass water-gauge <uid cucks mdit.iliiig 
ihe level of the water, and Unally, two «nfetj-vaKes 

The praclice of allowing a variable ewtape of steam Iroin 
the valves, is general, as also the substitution orGifTaids 
injpctors for one or even two pumps. 

Consumption of nmoke. — Aboul i83j. iihRii llie loco- 
motives coninienred to burn coal, various plans wuvf 
tried with a view to the ronsumption of smoke, but ihc 
fxperience acijuired by the stokers find the selection of 
huilable' fuel, have rendered these arrangements super- 
lluous. On Ihe Eastern and Orleans lines some fire-boxes 
on the Tinbrim^k system may still lie found. The air intro- 
duced Into Ihe lire-box, meets an inclined boiler-tube a 
miies with llic lieated gases. On Ihe Lyon Hallway, a series 
of small Jels of steam accomplishes the same object. They 
issue from a pipe placed in the interior of the lire-box, 
itbovc the door. afliT a plan patented by M. Thi 

lieivrsiiiff iiwwtnoil of screw and hnike effected by mmm if 
Mireim. — During Ihe last few years, the reversinj; levers 
iiave been replaced by screws, moved by a lly wheel. This 
arraagenienl permits tlie stop|iage to be effecled by re- 
versing the steam, and has been skilfully combined wilh 
ttie discharge of a jel of water m- steam iulo Ihe exhaust. 
By this means speed can be shukened during IJie de; 
ij; reversiiij; sle,- 




COLLBCTION OK LITHUGBAPHKD TYPES. 



DRSICNATIO OF VEHICLKS 
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THIRD SECTION. 
INTERNAL NAVIGATION, 



RIVERS AND CANALS. 
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XVI 
NAVIGATION BETWEEN PARIS AND AUXERRE 

SUBSTITUTION OF CONTIGUOUS NAVIGATION 
KOR TUK INTERMITTENT SYSTEM OF (T BCLUSEES?) ^'^ ON TUE YONNK. 



Drawiiii's on scales farying from o^^ooo oa5 lo o",;). 

* The walcr commuiiicalion between Auxerre and IWin 
follows the line of the Yonne between Auxerre and Mon- 

tereau, for a distance of 1 1 9,586'" 

and that of the Seine between Montereau and 

Paris, for a distance of. .' . . 989000 

Tola! length •n7,58(i'" 

The navigation between Auxerre and Paris was inl(»r- 
inittent for more than three centuries, and during 8 or 

') ^EcliiaeesT) oil llic river Yoiiiie, ai*e loaiporary and faclilious ri(un|rs 
uf water, created by the regular and successive closihg and opening of Uie 
iiavignlilo pasnges and barmges e.«(tabli8lK*d along its course v •'md niese Ini- 
'li«>s of wafer carry Uic varion.s boals, rafls, olr. 
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() months in the year, from March to November, was car- 
ried on by means of ^clusees of the upper Yonne ^*. 

The continuous system of navigation, procuring a mini- 
nmm depth of water of i'",Go , has been in operation since 
(he month of September 1871, between Paris and La- 
roche, and since th(^ month of September 1874, as far 
ns Auxerre. This result has been brought about by the 
establishment of t^ movable barrages with locks, on the 
Seine, and a 5 nrovahle barrages on the Yonne. Twenty 
two of these latter are [)rovided with locks, and three 
come under the head of derivations or cuttings. 

THE RIVER YONNE. 

The course of the river Yonne between Auxerre and 
.Montereau (represented by a general plan and a longitu- 
dinal section), is divided into two parts. The first part 
between Auxerre and Laroche, 137,6 16 metres in length, 
is from 60 to 8a metres in breadth, with an average slope 
of o",ooo 667 per metre, and a discharge of i3 cubic 
metres at low water mark; when the river is high, 
the discharge varies from 3 00 to Boo cubic metres. The 
second part from Laroche to iMontereau, 91,976 metres 
in length, has a breadth of bed from 80 to 100 metres, 
an average slo|)e of o"',ooo 3/ic) per metre, and a dis- 
charge of 17 cubic metres at low water mark; during 
great risings the discharge varies from 700 to i»i 00 cubic 
metres. 

^'^ From the previous note it will !><> seen thai ibc wvvd reclu8ee-^ iiab no 
equivalent in English. Though the word Redu&e?) Higuilied a lock, iu Uie 
present instance there arc no locks iu question. {TraH$lator.) 
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Of lUe 25 locks on the Yoiine. aa have a breadth of 
invert of i o",&o and a workinjr jenglb of <jG iinjtrcs; ihey 
are thus able to receive 6 canai bouts or I wo raflsof wood. 
cou|)ied. 

The three ulhi'r locks, wbich are old, ha\c ii breadth of 
S^iSii ; two of these, via Kpineau and Port-Renard. have 
a working length of 18^ metres, and can also receive 
6 canal boats or two wood rafts. The third, that of Ctial- 
nette at Auxerre, has a working length of ^3 metres; and 
can receive 3 boats or one raft. 

All the gates of the locks are of wood, and each gate is 
worked by a circular rack and [linion with a winch. 

Between Auxerre and Montereau, there are twenty live 
movable barrages and three derivations. 

Three of the twenty five are old, and on the system 
Poir^e. that Is to say, they have a permanent or fixed 
weir, in masonry, and a passage closed by trestles and 
jiaddles '". Tliese are (he barrages of (Ihainetlc, Kpineau, 
and Port-Renard. The twenty two new barrages have a 
passage closed by movable shutters (Chanome's system). 
worked by a bar furnished with cams, and by the aid of 
a boat. In thirteen barrages between Larocbe and Mon- 
tereau. the weir is surmounted by niovable sbntlcrs and 
worked by the aid of a foot-bridge, ajid in si\, belween 
Auxerre and Larocbe. Ihe weir is surmounted by trestles 
and paddles, with a foot-bridge at least qo centimetres 
above the head water level. This foot-bridge has not been 
raised to Ibe usual height, owing to an npjirehen.xlon, 
that llie paddlrs might be diiilcull to work. One barrage 

"* Tliew; arc soinetimps Ciilled nfllet. ( Ttviitlalm:) 
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only, that of riie-Brdi^e, near Auxerre/is fitted with 
large shutters (Girard's system). 

The sill of the passage is generally placed 5o or So cen- 
timetres below low water mark; but the capping of the 
weirs of the three barrages, on Poir^'s system, is level 
with the head water; the sill of the other weirs is 5o cen- 
timetres below low water markf 

In order to avoid abrupt bends in the river, three deri- 
vations or cuttings have been made , viz. 

That of Gurgy, with a length of 5,007 n*^^r^- 

That of Joigny, with a length of 8,57/1 metres. 

That of Courlon, with a length of b.tilt metres. 

These three derivations shorten the distance from Mon- 
tereau to Auxerre by 1 1,809 ™^^^s. 

At the head of each derivation , there is a sto[>-gate to 
keep out the flood water. 

The breadth at the bottom of each derivation is 1 6 me* 
tres, and the depth below the normal level of the water, 
t"*,8o, with a talus of 3 metres of base for u metres of 
height, which gives a breadth of 9f'',&o at the surface 
of the water. The banks or towing paths, are from h to 
6 metres in breadth, and are elevated at least So centi*- 
nietres above the highest inundations known. The passage 
under the bridges is reduced to io*',5o, and the height 
of the intrados above the level of the water, is 5",5o. 

THfe RIVER SEINE. 

Between Montereau and Moret, for is kilometres, the 
Seiii»» has a breadth of bed 100 to 1 10 metres, an ave- 
rage slope of o'",ooo 218 per metre, and a discharge of 
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ay cubic metres at low water mark. Between Morel and 
Paris the breadth of the river is from tAo to 170 me- 
tres, the average slope o°',ooot95 per metre, and the 
discharge at low water. Ss cubic metres below Loing, 
and 03 cubic metres bolon the Miirnp, at the entrance of 
Pari)). The discharge, when the river is very high, varies 
from 900 to 3,000 cubic metres per second, between 
Montereau and Paris. 

Below Montereau, ibu height at low water mark is 
o"',5o to o^.tio. The risings commence at a height of 
3",5o ; the navigation up the river is stopped at 3 metres , 
and the down navigation at about 3"',oo, The most con- 
siderable risings attain a height of ^"".^u at Montereau, 
5",8o at Melun, 6'°,3a at Gorbeil and 7"',.^o at Paris. 

The navigable condition of the Seine between Monte- 
reau and Paris, previous to the month of September 1871, 
was powerfully inQuenccd by the syslera of «tcl»s^es» on 
the Yonne; so that for neariv three quarters of the year the 
navigation was intermittent. This precarious and inconve- 
nient state of things on a river, of such importance as the 
Seine, has ceased to e\ist smce the month of September 
1871, owing to the construction of twelve barrages du- 
ring the last few years, between Montereau and Paris. 

These twelve barrages had been coiistructud according 
lo Chanoine's system, that is to say, with movable shut- 
ters (".ao in breadth for the passage, and shutters, called 
self-acting, t^.So in breadth for the weir; the space be- 
tween the shutters when raised, was o",!!). The barriige 
at Melun has alone, relalncd for the weir, the trestle and 
paddle system in usr on llie right branch of the Seine. 
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Experience has led to the detection of some faults in the 
working of the original shutters, and a movable fool- 
bridge on trestles, and with a plank flooring, has been 
constructed on the upper or head side of the shutter-weir. 
.From this bridge the shutters can be worked with facility 
and security, by. means of chaios and a travelling winch. 
(See model.) 

The navigable passages in masonry, are from ho'^ytio 
to 65°*, to in breadth: the sill is in wood, solidlv embed- 
ded in a platform i o metres in breadth , and is 3 metres 
below the level of the head water, and o"*,tto below low 
water mark. The new weirs are 6o",3o to 70", lo in 
length, and the sill is o™,5o above low water mark; the 
platform, A metres in breadth, is formed by a wooden en- 
closure tilled in with beton and surmounted by cross- 
beams, also in wood, between which is a paving in stone- 
work. Each weir is comprised between a pier 3 metres in 
thickness, which separates it from the passage, and a 
spur, connecting it with the bank. 

The locks have a chamber 1 9 metres in breadth with a 
working length of 180 metres ^^^ so as to receive 1 a canal 
boats or four rafts of wood. 

The lower sill of the lock is placed at least i°*,6o 
below the head water of the lower barrage, this head 
water being supposed to be horizontal. 

Thecappings of the barrages and locks are at least o",/io 
above the upper water level. 

'^ Tliese cxcepltonal (limensioiis appeared necessary on accounl ol Uic great 
number of crafl of all debcriplions and Innna/^e which arrive fn)m llic Yonnp. 
Ilic Polife-Scinc and (ho jwrls of llic Seine hohveen Monlcrcan and Paris. 
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TBLBGRAFIC COMMUNICATION. 



S 



A line of telegraph has been established between Pari 
and Auxerre, and already renders important service by 
placing each barrage in communication with those above 
and below. 

COST. 

1 . On the Y'oniie between Auxerre and Monlcroaii. 
(Lcnglli of river made navigable, 108,377 molras.) 

Seven barrages wilh locks from Auxerre lo Larochc. 9,a 19,000^,00 

Barrage of Gargy without lock ^ t Ao,ooo ,00 

Eight barrages with locks from Laroche lo Sens. . . . 3,696,000 ,00 

Barrage of Joigny without lock 1 70,000 ,00 ' 

Seven barrages with locks from Sens lo Monlcrean. ^,927, 000 .00 

Barrage of Courlon without lock aoo,ooo ,00 

io,3r)!^,ooo^oo 

13,71 5 metres of derivation, largo section .*^o3 1,891 ,7.") 

Various works, dredging, omhankmenLs, improve- 
ment of towing paths, plans, etc .'^6/io, 1 88 ,.'>! 

Tol;il cost between Auxerre and Montoreau ^'^ . 16,83 '1,080^36 

3. On the Seine, between Monlereau and Paris. 
(Length of river made navi|rable, 98,000 m'tres.) 

Five barrages with locks from Montereau lo Melun. /i,o66,4i6',*?r) 

Six barrages with locks from Melon lo Abion 5,1 85,A 1 1 ,30 

Barrage wilh lock at Poii-A-rAnglais 1,580,782 ,36 

Various works, dredging, embankments, improve- 
ment of towing patlis, plans, etc 3,5/ii,5oo ,19 

Total cost lietween Montereau and Paris 1 'l,35/l,o6o^oo 



t») The interest of the cost of the first establishment, augmented by the 
annual expenses of management, represents, for the average traflic, nearly 
a ceniioies per ton and per kilometre for the Yonne, and 1 centime for the 
Seine. 
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The authors of the plans and the engineers that di- 
rected the works s relating to the establishment of conti- 
nuous navigation between Paris and Auxerre, are : 

Fai* llic Seim, MM. Ghanoinb and Cahbuzat^ engineers 
in chief tcdes Pont« et Chaussees??; MM. de LiGRENi, Gar- 
«KAL, BouLif, Levy (Maurice) and L^vy (Theodore), resi- 
dent engineers. 

For the Yonm, M. (Iambuzat, engineer in chief, and 
MM. PiLLE, Marini, Hcmblot, bE Dahteln, Remise, Liw 
(Theodore) and (Iiiigot, resident engineers. 



XVII 
MOVABLE SHUTTER WEIRS 

ON THE UPPER SEINE 

ABOVR PARIS. 



Drnwin(][8 on sea lt»8 vary injy from r)'*',ooo os5 lo ()'",5. 
Three modolH on a scale of n",i o. 

The barrages of the upper Seine consist of Iwo parts : 
a navigable passage from ^o to 55 metres, and a weir 
from 60 to 70 metres in breadth, provided with movable 
shutters. The two parts are separated by a pier, and a lock 
is generally joined to the barrage. 

The sill of the navigable passage is placed o*",Go below 
low water mark. The shutters are 3 metres in height and 
are level with the water, which gives a*",Ao for the depth 
of the upper or head water above h)w water mark. 

The floor or platform is in beton and is 9 metres in 
thickness, without the paving; its breadth is (> metres for 
the portion intended to receive the various parts of the 
movable barrage, but the total breadth in the sheet piling 
enclosure, is about 10 metres. To resist the strain caused 
either by the pressure of the shutters or by any [)0ssible 
under pressure, the flooring has been strongly secured 
by iron bars anchored in the beton, also by vertical, trans- 
verse, and h)ngitudinal bolts. A wooden sill or ledj;e 
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o",45 in thickness extends the whole length of the floor- 
ing, to which it is fastened by the series of disc anchors, 
and its upper face serves for a support to the base of the 
shutters, while the lower part carries the sockets of the 
chevalets. 

A shutter consists of a wooden frame, i°',9 in breadth 
by 3™, 11 in height, bearing o",o8 on the sill; and of 
a wrought iron chevalet and counterfort. An intervening 
space of o^joS to o", 1 5 is left, according to the discharge 
of the river at low water mark. 

The frame work of a shutter is composed of four 
uprights, two end tie pieces, a cross bar and thick plank- 
ing; iron cramps and knees bind the different pieces to- 
gether; and the uprights are o°\i4 by o"*,i3 square, 
but diminish in size towards the upper end. To the inter- 
mediate uprights are bolted two collars, which receive the 
two gudgeons of the head of the chevalet, and constitute 
the axis of rotation of the shutter. Not being a self-acting 
shutter, this axis is placed above the third, or at nearly 
five twelfths of its height. Each of these gudgeons has a 
stop or catch, which limits the turning of the shutter to 
an inclination of lo degrees, in order to avoid too great 
a strain on the breech in lowering. A counter-poise of 
about 6() kilogrammes, is attached near the bottom of the 
shutter, to balance the weight of the upper part when the 
breech is submerged. The chevalet is a trapezium , strength- 
ened by a cross bar, and is i*",47 in height, o'",76 in 
breadth at the base and o'^jio at the top; the irons are 
o",o()& by ©"".oSS. The bottom terminates in two gud- 
geons received by sockets let into the sill, on which the 
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ilet can turn, for ihe |)ur|>o&e of lieiug lonere<l upon ' 
Ihe floor, willi the shuUer it supports. Thp upper crass- 
piece Is also filled willi Imo jjudgeons. coDstiliitinf; the 
axis of rotation of the shutter. In short, this same cross- 
piece forms one witli the two projecting vertical cheeks, 
between which, the head of ihe counterfort or support 
is placed, the iiead and checks being joined by a bolt 
o'°,oii in dianicl<>r. 

The counterfort is a wroayhl iron har, a'", 70 in leofrtli 
by o^.og in diameter, and is intended la support the 
shutter and the weight of the head water. It is jointed at 
the top of the chevalel by a boll, and the lower end abuts 
against a cast iron shoe or calcb, strongly embedded in 
the flooring. This shoe, in llie form of an inchned plane, 
o^iSS in length and o^.io in height, is Inserted into 
two widened ears, projecting o"'.o6, and has a guide bar, 
much bent, i"',59 in length, terminaled by an ear, also 
projecting (»"',oG. When It Is desired to lower the shutter, 
the end of the counterfort is removed, and as soon as it 
leaves the front of ihe shoe, it slides along the guide bar. 
while the chevalel, turning on its base, falls with the 
shutter upon the flooring. To raise it, the base is fur- 
nished with a broad iron handle, with which the keeper 
connects a hook attached to a rope. Then, by means of ;i 
sm»ll winch fixed m a boat for this purpose, the various 
parts are successively raised; the breech, the chevalet. 
and lastly the counterfort, the foot of which moves up 
the inclined plane and resumes its place against the shoe. 
The fall of Wilier assists this operation Id h considerable 
extent, since it lends to raise the frame of the shutter, nl 
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which the axis of rotation is placed at a certain height 
above the sill. 

The feet of the counterforts are disengaged from the 
front of the shoes by means of a bar with projecting cams, • 
guided by pins » and working on rollers. It is terminated by 
a rack and wheel, geared to a crab winch lixed in the pier. 
When the breadth of the passage exceeds 3o metres, two 
bars are used, placed end to end, and worked in opposite 
directions from each extremity of the weir. The cams are 
placed at such a distance from each other, that the range 
of one bar shall be less than the space between two coun- 
terforts. For this purpose, they are arranged so as to 
lower the first shutters one by one, the next, two by two, 
the last, three by three. 

The operation of opening a passuge, is performed from 
the bank, and by the aid of the winch, in 3 seconds per 
metre run ; the closing is effected with a boat at the rate 
of t minute and a quarter. 

The average cost, per metre run, of these barrages 
with movable shutters , amounts to 3,070 francs, of which 
sum 2,978 francs are for the fixed, and 799 for the mo- 
vable part. 

The weirs of the upper Seine are from 60 to 70 metres 
in length. They are levelled to o"',5o above low water 
mark, and are formed of beton run into an enclosure of 
piling and covered with a paving in millstone grit 0^,30 
in thickness. The breadth of this solid part is & metres, 
allowing a range of 1 metre, above and below, for the 
shutters w hen lowered. A possible subsidence of the beton 
under the movable parts, has been obviated by the em- 
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ploymeni of cross-pieces ond loiigiludinal beams, laid on 
ihe two lines of piles composing tlic roclosurc. and by a 
third row of intermediate piles driven home. 

The self-acting shutters of the weirs, are a metres in 
height by r",3o in breadth, and are formed, like those of 
the passage!!, according to Ihe original system conceived by 
M. Chanoinr. engineer in rliief. i. e. to rise and fall of 
themselves. 

Owing to the position of the n\is ofrotatioii , these shut- 
ters raise and lower themselves, (his axis being only raised 
o"',o5 above the third of their height; there is also a 
movable counterpoise. 

The striking simpUcity of this ingenious system of shut- 
ters, called self-acting, led to some isolated experiments 
being mnde in a single barrage. But the working of the 
gyEtera being more completely tested by its application to 
twelve weirs on the Seine, between Montereau and Paris, 
some grave miscaicirlations were made apparent. The self- 
acting gjiutters lowered themselves too quickly, and did 
not rise till after a towering of j metre of the upper or 
head water. A foot-bridge was constructed above each weir. 

This was composed of iron trestles, after the Poir^e 
system of barrages, movable on a horizontal axis perpen- 
dicular to the axis of the weir. Each trestle corresponds to 
the axis of a shutter. The tops of the trestles are connected 
by two bars, which limit ibe breadth of tiie foot-bridge, 
and between these bars a planking is laid, o^iSo above 
the level of the head water. The two bars form rails, along 
which runs n truck carrying a winch with two chains, one 
hirh isallachfd to ihf'he.id. the other to the breech 
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of a shutter. By means of the winch, firmly secured to one 
or two of the trestles, ihe necessary manoeuvres are ac- 
complished without fatigue or danger. During a flood, 
the trestles of the foot-bridge are lowered into a frame, 
nearly level with the platform, while the planks , bars 
and winch are stowed away. The counterpoises, being 
no longer useful, have been removed. 

The new system has been a complete success. At night * 
every keeper is warned of any variations in the upper 
water of the barrage, by the ringing of a bell put in mo- 
tion by a float. In addition, all the barrages communi- 
cate with each other by telegraph , and the excellence of 
the arrangements precludes the possibility of surprise. 

NEW NAVIGABLE PASSAGE OF THE PORT-A-L' ANGLAIS BARRAGE. 

In consequence of fresh arrangements for establishing 
an uninterrupted passage by the Seine to Paris, it became 
imperative to lower, by i metre, the tail-sill of the lock 
at Port-^-rAnglais. This circumstance necessitated the 
construction , on the left side of the weir, of a new navi- 
gable passage aS^'yyo between the abutments, thus reduc- 
ing the breadth of the weir to 37",9o; the former pas- 
sage 5/i°',70 being maintained in its primitive state. The 
passage is closed by twenty six movable shutters , after the 
system of M. Ghanoine, the sill being 70 centimetres 
below that of the old passage , which is closed by shutters 
of 3 metres; the new ones are therefore 3",70 above 
their sill. 

To sustain the pressure of so considerable a body of 
water, it was necessary to effect some alterations in the 
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models ori^jinally adopled bv M. Clmnmne for (lit; mo- 
vable shuUer barrages. (See piodel.) 

1. The breadth of each shutter was reduced to i moire 
instead of \°',^o: the intervening space of lo centimetres 
between two shullers was retained, and the frarai> work 
was simplified. It consists of two uprights joined by four 
cross-pieces; these uprights are Z'°,S6 in length and 3o 
by 90 centimetres square, and thi! planking is 5 centi- 
metres in ihickness. 

a. The inclination of llie shutters from the perpendi- 
cular (8 degrees in M. Chanoine's model), was increased 
to 90 degrees, in order to diminish ihe strain Icndinjf to 
tear up the sill of the platform. 

3. When a shutter is lowered, it bears on four rests, 
makini; one with the platform; in addition, the shutter is 
raised by two cleats fixed lo Ihe uprights, and by this 
arrangement, the shutter is perfectiv supported and no 
distocation of the frame is to be feared. 

ft. In M. Chanoine's original model, the axis of rota- 
tion was placed at 5/i*j of the total height, and for the 
new shutters at Port-WAnglais, this plan would give to 
the breech a height of nearly t'",Go: i"'.-jb has been 
adopted, and the axis of rotation placed only i 5 centi- 
metres below the axis of figure. 

This method prevents them from turninir spontaneously, 
an inconvenience that Ihe former shullers sometimes pre- 
sented when the tail water was too high, and the fall 
of the barrage unusually small. This objection is in course 
of removal, by contriving small self-acting valve.'! in the 
fly or u(ippr part of ihc shutter between the ii|>righls. 




i 
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1 metre in height by Aq centimetres in breadth, and 
moving on a horizontal axis. These butterfly valves open 
spontaneousiy before the shutter comes to the balance, 
and the keeper can close them with the greatest facility, 
by means of a gaff, from a boat behind the barrage. 

5. For raising the large shutters of the new passage a 
foot-bridge has been substituted for the use of a boat. It con- 
sists of trestles (Poir^e's system), on which travels a winch. 

The trestles of the foot-bridge are 'j™,75 in total height. 
3". 10 in breadth at the base and I'^.^jo at the to|L A 
trestle is in the perpendicular of the axis of each shut- 
ter, and the planking of the bridge is 5o centimetres 
above the normal level of the head water of the barrage. 
The uprights above and below, the diagonal stays and 
cross-braces are in U iron 8 centimetres in breadth, 
35 millimetres in depth and 7 millimetres in thickness. 
The lower cross-bar is 8 centimetres in diameter. All these 
pieces are joined together by broad iron corner plates 
7 millimetres in thickness. 

M. (Ihanoinr, engineer in chief ''des Fonts et Chaus- 
s^es?), and M. db Lagrb>'e, resident engineer, drew up the 
|)lans and directed the works of the original lock barrage 
at Port-a-i' Anglais; M. Cambuzat, engineer in chief, and 
M. BouLi^, resident engineer, drew up the plans and di- 
rected the works of transformation of this barrage. 

MM. the conducteurs RotiSR-QuEUx, tNiooLLB, Bbrtaigbk 
and PoNTEAi', superintended these last works^ which were 
executed bv the contractors Batiiikh. (>anapville. Denuklle 
and Marc, and by the firm of Clapar^de. of Saint-l)(>nis. 
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WEIR OF THE BARRAGE OF lIlE-BRClEE, 

ON YOiN^E. 



M. GIRARD'S SYSTEM OF SLUICES A\D HYDRAULIC PRESSES. 



Drawin^^ on scales varying from o'",ooo oao lo o"*,5. 
Model on a scale of n'^io. 

The weir of ille-BrAl^e is surmounted by large sluices 
invented by M. Girard, civil engineer. This system com- 
prises ^'^ : 

1. A series of wooden sluices, movable round a hor- 
izontal axis, and capable of turning inside a cast iron 
cylinder or case let into the top of a stone flooring. 

9. Hydraulic presses fixed on the lower slope of the 
platform, solidly anchored in the masonry and intended 
to work each sluice. The jpiston-rod of each of these 
presses carries a cross-beam {guided by slide bars , by which 
it is supported, and to this cross-beam are fitted three 
connecting-rods jointed to another cross-beam attached 
to the middle of the movable sluices. 

3. A series of copper tubes, which put each press in 
communication with the generators and reservoirs of 

^'J Sf^ model. 
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force, destined to convey the water under pressure to the 
hydraulic presses. 

f\. An hydraulic machine constructed on the abutment 
of the barrage. This machine consists of a turbine with ver- 
tical axis, a double action pump worked by the turbine, 
and a generator. The pumps and generator communicate 
with each other and with the presses, by the medium of 
three way cocks, which allow the water to be forced back 
either into the generator, or into the presses, or to be 
discharged into a waste-pipe. 

The working of the sluices is performed by the simple 
action of these cocks. By putting each press in commu- 
nication, either with the |)umps, or with the reservoir 
under sufficient pressure, an upward movement of the 
piston is produced, and the sluice rises. On the other 
hand, by opening the discharge cock, the water escapes 
under the pressure of the sluice valve, the body of the 
pump is emptied, and the sluice is lowered. 

The reservoir of force regulates the action of the 
pumps, it also allows the sluices to be raised when there 
is not sufficient fall to work the turbine. 

The weir of I'lle-Brul^e i^ aS metres in length; the sill 
is levelled to a metres below the level of the head water, 
and the fall is i'%85. 

The sluice valves are seven in number, and are S'^fSa 
in breadth by i"',97 in height. When raised, they pre- 
sent an obstruction of o"',/io ; when lowered, they rest hor- 
izontally upon the platform or floor. 

The presses are also seven in number; they are in cast 
iron with an exterior diameter of o'",^io and a thickness 
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of o"',uA. The piston is in fast iron with <i bronze casing; 
the diameter is o"',3o, and it works in a packing of hot 
pressed leather, which constitute'^ a joint Ihe more water- 
tight (IS the pressure becomes stronger. 

The supply pipes lead into the body of the presses; 
their diameter is o"',o35, and there is one for each press. 
They are let into [he thickness of the platform, and ter- 
minate in distribution cocks in the interior of the hydrau- 
lic machine." 

In order that the presses might be sheltered from frost, 
they were established entirely below the down stream 
level; but this arrangement presenting considerable diffi- 
culties in the way of inspection and repair, stone walls 
were contrived between each press, by the aid of which, 
small plank partitions can be formed, and each compart- 
nient pumped out for the purpose of inspection or repair. 

The turbine has a diameter of i^iao, and moves di- 
rectly, by its upper crank, a double action water putnp 
and an air pump, which drive back the water and air into 
the generator, under a pressure capable of being raised 
to a 5 or 3o atmospheres. 

The reservoir is a cast iron cylinder o"'.66 in interior 
diameter, 3'",5o in height, and o'",o5 in thickness. This 
reservoir and all the mathinery have been tested under 
a pressure of 35 atmospheres. 

The dimensions of the various parts of the weir were 
calculated by M, Girard, in order that the pressure might 
never exceed 9."» atmospheres. This pressure is necessary 
to raise the shutters against the a complete fall of i'".B5. 
The niacbinery works with remarkable rapidity and re- 
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gularity, and a large sluice valve can be opened in less 
than a minute. Eventually , it will be practicable to dimin- 
ish the pressure necessary to raise the water, by fitting 
the large sluices with small butterfly valves, and the ex* 
|)eriment has been made upon two of them. These valves, 
three in number for each sluice, are placed tin the upper 
part, and have their axis of rotation at a third of their 
height. When the sluice is lowered, they incline in the 
direction of the stream which covers them, and being in 
thin sheet iron, otTer no resistance to the pressure of the 
water, so that the strain upon the sluice at starting, is 
considerably reduced. When the sluice emerges* from the 
water, the butterfly valves close themselves. 

When the sluices are raised, a pressure of 7 -or 8 at- 
mospheres is suflicient to sustain them ; and it is not ne- 
cessary to leave the presses in communication with the 
reservoir. It is only necessary to close the distribution 
cocks, and the presses, being all perfectly tight, remain 
as before, and do not empty themselves. 

The cost of construction of this system of barrage , is 
*j,ooo francs per metre run, and 3, 000 francs with the 
stone-work. 

The trestle and paddle weir costs only i,aoo francs 
per metre run, everything included, in this part of the 
Yonne, where the foundation work is not diflicult. The 
hydraulic press system , notwithstanding its superiority in 
convenience of working, has the disadvantage of being 
very costly. 

M. (iAMBUZAT, engineer in chief, and M. Rbiiisb, re- 
sident engineer, drew the plans and directed the works of 
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the lock-weir of I'lIe-BrAl^e; M. Gallon, constructor, and 
the firm of Feray, d'Essonnes, executed the weir sluices on 
Girard's system. 

Particular mention should be made of M. Girard, the 
inventor, whom a premature death has carried oflf from a 
course of patient study and ingenious research. 



XIX 

MOVABLE WICKET WEIRS OF THE BARRAGES 

ON TflE MARNE. 



DB8F0FITAINES STSTEM. 



Between i855 and 1867, fourteen barrages were 
constructed to improve the navigation of the lower Marne, 
between Epernay and Charenton (Seine), a distance of 
178 kilometres. Of this number, eleven comprise a weir 
fitted with movable wickets, in addition to a lock and na- 
vigable passage. The excellence of this system has now- 
been completely tested by the experience of eighteen years, 
and was invented by the late M. Desfontaines, chief en- 
gineer of the navigation of the Marne, afterwards nomi* 
nated inspector general des Ponts et Ghauss<^es , and who 
died in 1867. The system will be comprehended without 
difficulty, by inspecting the model sent to the Exhibition 
at Philadelphia. 

Solid part of the weir. — The difference of water level 
at these dams is usually about ti metres; that of Join- 
ville, the last constructed, is 9",i 6. The stone weir rises 
to half the height included between the upper part or 
head, and the lower or tail, consequently the movable 
shutters are 1 metre in height (i",io at Joinvillc). 

In the two barrages first built, the solid part was in 
dry rubble, but for the others, mortar was used, as a pre- 
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ionary lueusiiri! against possible filtration. The one in 
quest! 00 is comprised between two rous of piling, bound 
by horizonlGt wales. When dry rubble was employed, sheet- 
piling was added to the upper row, forming a perfectly 
water-tight screen. Subsequently ordinary sheet-piling was 
adtled to the lower row. thus constituting an enclosure in 
which to run the beton. 

General idea of the drum- shutters. — Let the readei- 
imagine an iron plate sluice or valve, 2 metres in height 
by t'".3o in breadth, movable round a horizontal fixed 
aiis, and capable of describing a ijuadrant. If the axis is 
placed at the top of the lixcd weir, the upper part of the 
valve will form a movable wicket , while the lower part or 
CO unter- wicket . cannot act unless a proper space or cavity 
is prepared for it: a species of drum, the axis of which is 
horizontal. The transverse section of this drum, parallel to 
the axis of the river, consists of a (juadrant, joined on the 
lower or tail side, by a rectangle. 

The wif ket is moved by the counter- wicket , and the mo- 
tive power is the pressure resulting from the dilFerence be- 
tween the upper and lower water-levels , or in other words , 
the head and tail of the barrage. It is thereforea (question of 
the effective application of this power to Ihe counter-wickel. 

If the drum Is closed at the ends by Iwo vertical plates, 
and covered on a level w ith the axis of rotation by a hor- 
izontal plate, a closed box will be formed, divided into 
two compartments by the counter-wicket, two sectors, of 
which Ihe dimensions vary according to the position uf 
the counter-wickel. and Ihere is an upper or head, and 
a lovivt or tail rumparlment. When it turnN, the counter- 
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wicket nearly touches, or within 3 or & millimetres, the 
cylinder and the vertical ends of the drum. But when, 
with the wicket, it is in a vertical position, a ledge or 
projection completely stops its progress, and by the aid 
of an India rubber band, the surface of contact is rend- 
ered perfectly water-tight. 

This counter -wicket does not however prolong the 
wicket; it is bent from the hinge and only resumes a 
position parallel to the wicket at a distance of o"',3o or 
o'",Ao. It follows from this, that the wicket being in a 
horizontal position, the counter^wicket though also hor- 
izontal, leaves a space of o"',&o between it and the cyl- 
inder. Now by putting this space, this head compartment, 
in communication with the head or upper water level, 
while the tail compartment, more or less empty, is put 
in communication with the lower or tail water; the coun- 
ter-wicket may descend , notwithstanding the static and 
dynamic pressure which tends to retain the wicket in a 
horizontal position. The power acting upon the counter- 
wicket must consequently preponderate, inasmuch as the 
counter-wicket presents a larger surface and is placed 
lower, therefore the wicket will now rise. 

The wicket can be lowered by leaving it to itself, and 
intercepting the communication between the uppler or 
head water, and the upper compartment in the drum. But 
the Desfontaines apparatus has a double action; for the 
lower compartment of the drum can be put in communi- 
cation with the upper water level, while the upper com- 
partment can be made to communicate with the lower or 
tail level. Then the back pressure upon the counter- 
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wickel, causes \t to rise, and so much the more easily, 
that the current always tends lo lower the wjeket. 

Passing rrom absIractionE;, to aiTJve at n verilabie bar- 
rage of any length, three hypotheses present themselves 
for realisation, three problems await solution : 

i. To create, at discretion, a communication between 
the head compartment of the drum and ihe head water, 
while the lad compartment rommunirate.s with tlie tail 
water, and i^ice vet-ttt; 

9. Thai the action should not be limited to a single 
drum i"',5o in length, but extend lo an indefinite number 
of similar drums, arranged side by side and in absolute 
contact; 

3. To establish a sufficient original fall. 

Let the reader imagine two culverts contrived in the 
abutment barrage, parallel to the axis of the stream. Both 
are fitted with a valve at each end, and connected by n 
transverse conduit: the one with the upper or head com- 
partment of the drum, the other with the lower or tail 
compartment. It its clear that by proper management of the 
four valves , the problem admits of solution. But the pers- 
picuous intelhgence of M. Desl'ontaines immediately di^- 
cerncd the possibility of tlie three followiog conditions : 

1. The reduction of the two culverts to one. with a 
rectangular opening i"',ao by o"',8o, divided into two 
by a horizontal cast iron plale o"',o3 in thickness; 

a. The expediency of employing two valves in lieu of 
four, each of the two lo close one outlet simultaneously 
with opening the other: 

The fiubslitiilmn ol a sirii'le movenienl. hi norking 
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• 

the valves; this movement to be transmitted from the 
upper to the lower end of the culverts by a balance beam 
similar to that of a steam-engine. 

Passing to the second point. 

It was necessary to make two openings in one of the 
ends of the drum , corresponding respectively with the two 
transverse conduits, so that the water leaving the culverts 
may enter the drum or leave it. Similar openings formed in 
the other end of the drum , or in the plate separating two 
consecutive drums, will permit the passage of the water 
from one to another, and act successively upon each of 
the counter-wickets. If the water were to act upon several 
counter-wickets at the same time, the loss or leakage by 
the three free edges of the counter-wicket would perhaps 
prevent its arrival in sufficient quantity, but it only passes 
into a second drum after having filled the first, and this ope- 
ration successively transforms the drums into so many closed 
vessels. No point in the system has been less remarked, or 
more imperfectly comprehended than this, which is, how- 
ever, the one which most exercised the ingenuity of 
M. Desfontaines. 

Further on, the practicability of originating the small 
lift, will be treated. 

Drums in iron or stone-work. — Drums formed entirely 
of iron were employed in the two barrages first constructed 
by M. Desfontaines. They presented, on the head and tail 
sides, horizontal flanges, which were bolted to the wales 
of the two rows of piling. For the other drums, he consid- 
ered stone-work preferable, and in the whole length of 
the weir a cavilv of convenient section was formed, admit- 
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ling of subseqiiPiil division into ipn(jths of ("'.oo, by 
means of rasl iron diaphragms let o"',o8 into the masonry. 

A cast iron tube, rarrying the wronght iron spindit' 
and the wickel, is supported at Ihe ends by two ronser- 
utive diaphragms. In the head pari, the cavity is covered 
(in the barrage last conslnicled), by an iron plate which 
ran he opened, thus permitting the drums to he examin- 
ed, while below, the cavity is covered by a cast iron plale 
fastened by bolLs. 

On the barrage of Joinville, a small travelling crnnf 
raises successively each of the spindles with its wickets. 
for the purpose of repainting them with coal-lar, while 
the head water, which has never fallen since iSfiy, is 
retained bv a roffer-dani consisting of superposed beams, 
supported in a horizontal position by small Poirt'e trestles. 

Partial lowtritif^ of the iriV/rc/K, — The variation in ihi* 
volume of water dischargwl hy the river, renders it ne- 
cpssary, during a part of the year, to modify the overfall 
of the weir. To meet this evigency, M. Desfontaines had 
(ilted to the tail-face of the wickets (at four of his bar- 
rages), a jointed crutch, of which the foot, sliding on 
the top of the weir, could be slopped by a calch or sill of 
angle-iron , and mechanirally brought to the proper place. 
The wickel, inclined at an angle of /i5°, for instJince, is 
llien sustained bv the crutch, in the same manner as Ihe 
swinging shutters of navigable passages are kept in posi- 
tion hy a prop. Although this idpa is taken from another 
system, there remains still one important difference. \\?.. 
th»t with the Desfontaines wickets, it is not necessary to 
Irip or inilix tlie props laterally, and hy main strength. 
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when they are subjected to a heavy ^essure of water. 
When it is necessary to totver theria eiltirely, they are lk>< 
raised to the perpendicular, and the stops or catches, 
which have been iemporarily used, are removed. 

There arc -no crotches iia ike barrage last eosstructed. 
The shatters are always, with the exception t>f tiMo or 
three, entirely «p or entirely down; but they cdn be 
raised or lowered at pleasure. For this |>urpose, the wafer 
being always let into the culverts from one ertrennty -of 
the weir, — at the pier for instance , - — the ^Ibuttiient 
valvfe -must be worked in a contrary direction. 

The regulatic^ of Ate -head water is effected «as follows : 
Fi'bm the abutment, the keeper It^anquiUy watdies a 
hydrometric scale and twns, in the required direction, a 
bandle commanding the valve that admits the WaAer into 
the drums. He can limit the operation to raising or lower- 
ing a single wicket. If the raising movement is continued, 
the wickets are successively raised , and form a line with 
msrthematical {Precision, the intervening spaces ^being 
barely lo milltmetres^, Which might easily 4)e itednced 'to 
five. In this waiy, half th^ wickets can be ^raised; and et 
Joinville,ai out of 4d. Should it become ^necessary *to 
raise them all, 'both valves must be raised or lowered, 
according to circtimstanoes, in order to overcome tfie 
resistance hitherto maintained. When, the pier and abut- 
ment valves are worked simultaneously, the operation (it 
might be called phenomenon) is accomplished in two 
minutes, at Joinville along a distance of 63 metres; and 
no engineer could 'witness unmoved, the upward move- 
ment of the last wickets , as they drive back the surging 



mass of water tiiot runlies to the gr.iHu<illv conlraclfil 
outlet of the weir. 

OriffitutI falL — TJie o|iej-ati(Mi of raising Ihr 
is only niysesfiarj- at certain t 
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llie Uarnc, ^fter a Hood, are liable to fall belo 
mai level. At this juouture a small lift becomes reqimite. 
In the Marne bainigcs, tin's is parlij originated by tbi- 
reduction of seriion produced by the solid part of llic 
weir, which projeclfi from the bed of the river, in addition . 
the lirst operation is to close the navigable jiassage. 

Navifrttble puixage. — Of eleven barrages, to which tln' 
Desfonlaines system is applied, ten have the naviqabli' 
passage closed i>y sw inging shutters. The system slrongli 
resembles that estal>li9hcd on tlie upper Seine; but th>' 
shutters were never raised hy the assistance of a ibonl. 
Contrary to the plan of iVl. Carro, M. Desfontaines imme- 
diiitelv construc:Iod. at the head of the .passage, a lool- 
bridge suppoi^lod by Poiroc trestles. 

■On the other hand. M. Dpsfontaines had laid it down as 
a principle, that the width of navigable passages ought not 
to exceed the rpquirem«nts of navigation. The gxpensiis 
are thereby reduced . ^nd the serious dilliculties attendinj; 
the cape of these movable ^nacbines are lessened, , since 
they are much more ea^^ily managed whenithe sdl which 
supports ihein <has a smaller depth -of water. For th>^ 
mason, an opening of -i:} moires only has.bqen given Jo 
the navigable passages of the Maroe. 

For the rest, in the barrage last constructed, trestles 
were eniployed in preference to swinging shutters. The 
Poiri^e and Desfnntaines systems harmonise completely. 
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and a mutual advantage results from the employment of 
both, which renders them exceptionally beneficial to na- 
vigation. The head water is regulated by the wickets, 
and in the event of floods, the facility with which an 
additional out-fall or discharge can be created, affords 
ample time for the removal of the paddles (aiguilles) and 
trestles. 

HistoricaL — At the present time, when the Desfon- 
taines system is to be officially presented to the notice of 
American engineers, it may not be out of place to supple- 
ment the preceding notice by a few explanatory remarks 
concerning its origin and development. 

This system appertains to a class of barrages, of which 
the prominent and common feature consists in the fact of 
the fall constituting the motive power. In Holland , from 
time immemorial, fan-gates have been employed to close 
the irrigation canals. The unequal breadth of this .kind of 
gate, renders it susceptible to the power generated by a 
moderate lift. This method is still in use at the present 
day, and was represented by a model in the universal 
Exhibition at Vienna in 1878 ^^\ 

Probably the idea passed from Holland to America, for 
about the year 1818, it was applied on the river Lehigh 
in Pennsylvania, not in the form of gates with vertical 
quoin-posts, but with horizontal axes. It was noticed in 
the work of M. Michel Chevalier, published in ]8A3, and 
advocated by M. Mary, the result of which was its trial in 

'') See Report on pnhlir works at the I'tVnmi Exhibition, by M. Kleitz, ins- 
pector general «de8 Ponls el dlmiissees'^ , and president of the International 
Jury for gnuip XVHI, p. lo.'i. 
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France, on the upper Marne, by MM. Desfontaines and 
Fleur Saint-Denis. Although the work could not have been 
in more skilful hands, the first expectations were not real- 
ised, fiut this attempt failed not to leave in the inven- 
tive mind of M. Desfontaines the germ of an idea, which, 
carefully considered and diligently elaborated, has pro- 
duced the present system : and it is with some pride that 
we now return to the* other side of the Atlantic, the 
American barrage perfected under French auspices. 

The movable wicket weirs of the Marne were con- 
structed under the supervision of M. Dbspontainbs, by 
MM. Carro, Philbert and Mal^ieux, resident engineers. 
(See Atmaks des Fonts et Chaussies, 1868, 9*^ half-year.) 



w 

MOVABLE TRESTLE BARHAGE AT MARTOT, 

OiN TUli: S£I>K. 



Model ill wood and 11*011. — Scale <)"',io (one lenld). 

The works of the MaHot barrage consist of a lock, uf 
which the chamber is io5 metres by id metres; a first 
barrage connecting the lock with GeoiTroy island, a weir 
with self-acting shutters, between this island and the isle 
of Moinc, and a second barrage, between the isle of Mbine 
and the left bank. 

This last, a part of which is represented by the model, 
is composed of three passages h\ metres in breadth, be- 
tween two abutments and three piers, the former 6 metres, 
and the latter h"\\o in thickness by 8 metres in length. 

The floor is laid between two rows of sheet- piling, 
10 metres apart, and has an average thickness of a'^ySo. 
It is in beton , covered with rubble in cement mortar, 
and squared stone. The stone-work includes : 1 . the sill , 
which bears the upper coussinets and the stop-plate; these 
stones , which are dovetailed , are 1 "', 5 o by 1 •", 1 in height at 
the stop-plate; a. the upper plat-band continuing the cav- 
ity in an inclined plane to support the paddies or needles, 
this part is 1 metre in length by o"',8o in height; 3. the 
lower or down stream coussinets; A. the lower plat-band ; 
these two parts are together, fi"',a.i in length and o'",8o in 
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thickness. Between these Iwo plal-lKinds the floor is in 
millstone grit rovored with a layer of Portland remenl, 
dnd bolli sides are in dressed millstone frril. 

The various parts are strongly hound logetl)t>r hy large 
iron hoIU o"',o^ in diameter, traversing at distances of 
a metres, the whole framing helow the stone-work, and 
connecting the horizontui wales of iheslieet-piling. Verti- 
cal bars are also lei into ihe beton, at distances of S°','io. 
in the stones of the coiissinets, and connected in the 
upper part by three traniiverse bars which join them al 
the same time witli each tslher, and witb the horizontal 
wales of the upper and lower ends of Ihe sheet-piling en- 
closure. Lastly, theiie uprights are again connected paral- 
lel to the barrage by two other sets of iron bars, S^iSo 
apart, screwed to the tops of the uprights, nnci cramped 
io the coussinets. 

The movable trestles , established according to the system 
of M. Pfiiree, are i'°,io apart, 3", 35 in height, a". 48 
at the base and i'",Ao at the lop. At their base they are . 
Cormed uf round bar iron o"',o6 in diamelei-, theuftrtghls 
and crosB-piece are in T iron. o'",ofi in well and the same 
in flange: tlia two horizontal braces are in wrought iron 
with a wel) of o"',oia, and flanges o'^.ofi: the diugonal 
brace, also in wroughtiron, lias a weh o'",09ii in thickness 
and o'^o6 flange. The four angles of the trapezium are 
strengthened by wrought iron corner brackets or knees: 
the upper ones are jointed and fitted with vertical gud- 
geons, while the two lower, form part of the base. The 
weight of each trestle is 9 i -j kilogrnnimes, 

' upper slc[>-hi'aringf nr snckel^ are i-rainpcd iiilii 
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the sill-stones, and secured by an eye-bolt, those belu^s 
are fastened to the stone- work by three screw nuts, screwed 
on to three strong gudgeons let into the floors. 

The trestles are sustained and bound at the top by 
bars above and below the weir. The up-stream bars that 
support the paddles, are formed of two Hat bars of iron 
o"*,o8 by o'",©/! , riveted to each other, and having at each 
end a hole fitting the trestle gudgeon. The down- stream 
bars are in round iron. 

The service-bridge consists of three rows of planking, 
o'",9o in breadth and 3'",3o in length upon three trestles, 
and is furnished beneath with flanges which clasp the T 
irons, to prevent slipping; the planks are also held by 
small claws. 

The trestles have no system of escape for the water, 
the paddles, which are of pine, & metres in length by 
o'^fOS square, have to be placed or removed by hand, 
one after the other. 

The cost of this barrage including earth -work, dredg- 
ing, pumping, accessory works and direction, amounted 
to 708,000 francs, or A,o&o francs per metre run. 

It was constructed between i863 and 1866 under the 
direction of MM. Bbaulibu, engineer in chief, and Sain- 
TYVEs, resident engineer cedes Ponts et Chauss^es99. 



UPROVEMENT OF THE SKINK MARITIME, 
KHOM HOLEN TO llAVRK. 



iwijig cixnprislng ; two plans of (he wbule on a bcbIb of ,„\, 

{ I melre for tio.ooo metres). 

A longilitdinal sectioa ; 

n ■ scale ol' ,,^,, (i metre for Qo.ooo) for IIih leogtlia; 

■nd a scale of ^ (o.oi per metre) for tlie lieiglils. 

For tiie eiiliru distance of 137 kilomutrijs between 
Huuen and Havre, the navigation of the Seine is comple- 
tely free. There is noillier rock , nor hridfje , nor obstacle of 
any kind, to obstruct the progress of vessels. With the ex- 
ception of the passage of the iMeules, between \a Maille- 
raye and Caudebec, 6a kilometres from Houen, the 
draught of water, at Uie weakest flood tides, exceeds 
5 metres. And even in the Meules, during the year 1875, 
ibere were only tnelve days uben the anchorage was less 
than 5 metres. 

In i8fio, the average tonnage of A,7y5 vessels enter- 
ing Rouen with cargo, was 109 tons. In 1875, the num- 
ber of vessels entering, was i,i/io, carrying !i 1 6,833 tons 
of goods. The average tonnage thus attained to :)89 tons 
|ier vessel. 

Id the same year 1875. two days after the lirst quarter 
of the moon, and consequently nL>ap-tide, there entered 
Rouen, a steamer iadt'n "itli 1,080 lonsof oats, and draw- 
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ing 5'", 19 of water. On the 7*** September, the very day 
of the first quarter, another steamer entered, laden with 
i,o5o tons of goods and drawing 5",33. 

In short, the premiums of insurance, whicb.wero for- 
merly 1/9 per cent for the single journey of the Seine, 
are negociated to day at the same rate for Rouen as for 
Havre. 

These prosperous result<« are owing to the improvement 
of the Seine, hy means of various works undertaken by 
the Government, since the year 18&8, and which consist 
in narrowing the bed of the river, by embanking in stone 
parallel to the stream. 

This system was applied for the first time at the cross- 
ing of Villequier, one of the most dangerous passages of 
the Seine. Two longitudinal embankments, 3oo metres 
apart, and made flush a little above the average high 
water at spring tides, had the desired effect, and a depth 
of 6'",5o was created below this level, where formerly 
there was only 3'",5o. 

This success fully bearing out the expectations of the 
engineers, the embankments were continued, and, from 
18/19 ^^ 1866, they were extended as far as the mooth 
of the Risle, 3d kilometres below Villequier. In addition 
to this, the southern embankment was established for 
9 kilometres below the Risle. Above Villequiw, embank- 
ments ^\ere formed for 11 kilometres of total develop- 
ment. This part of the work was executed in short lengths, 
from i853 to 187^, so as to reach la Mailleraye, a small 
river port 60 kilometres below Rouen. 

With res|K»ct to the interval between the efnbatikment«<, 
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It inureatics prugressivel]' alter leaving lu Vuquerie. where 
tli«f width is slill 3o(» melres as at Villequier. BBfore (Jwii- 
lebipiif il roiich^s ^oo metres, and at TBnearvill<> hoo. 
From this point , an r»r as the Ri-tle. (ho emhankiiipnls an- 
pwctiv ffarallel. 

Betvvi;en ihv Kisle and the ffi-eat depths of walpr in 
front of Havre, the Seine hasri'guUrlv kept to tht; southern 
pari ni' (he bay since Iho winlcr of 1871-1874. 

The huIkh of Che navigable channel arA clearly indicalinJ 
by beacons, carefidly kept in order. An olTicial report 
itf the soundings, driiwn up every iorlniftbt, keeps the 
pilots infoniitrd of the number of metres and centimetres 
necessary to be added lo the indications of the setnaphores 
of Havre and HoDlleur, By this meaos tiiey know, at any 
lime of the day, IJic minimum depth of water tbrouf;hout 
ihc whole lenjflh of the cbatiiiel. 

All the embankments have been loiislructed with blocks 
procured from the chalky hills bordering the Seine, They 
m«agure, on the average, 1/8 ofa cubic metre, and are 
plied ODC upon the other. The facings, starting from the 
level of ebb-tide, and the cappings. are the only parts 
laid by handt (ienerally s(>eaking, the embankments are 
9 metres ifi breadlli at tbn lop, and on the hod side, the 
talus is iiK'HnrHl to /i^°, while on the channel side the 
ibcUoflUon varies, in proportion to the niilure of (lie l><»t- 
ttM and [he violence of llie r-urrenls of ebb and How , so 
t^at at verlaio |H)ints, the bi^^r* is 7 or 8 nielres, for one 
metre in heigbl. 

These work;; are, for (lie most jtart. on the s;une level 
as those .of Vilief|Mier. It\ \i;iv of <'\j»eiimeiil. sonii- h»w 
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embankments, levelled to 3 or 3 metres above the lowest 
water mark, have been formed; in the first instance, just 
below Tancarviile, and recently, on the left bank of the 
river between ia Mailleraye and Caudebec. This last at- 
tempt appears more likely to succeed than the other, 
doubtless on account of the greater tranquillity of the 
water. 

From the commencement of the works till the 3 1*' De- 
cember 1876, the cost of the first establishment and of 
heavy repairs, was 16,860,000 francs. This sum includes 
9 3 0,000 francs for deepening the peaty bottom of the 
passage of the Meules, which was accomplished by means 
of dredging. 

In order to complete the repairs, and secure the em- 
bankments against the attacks of the river and damage by 
frost, a further outlay of about 9',5oo,ooo francs will be 
necessary, commencing from the 1" January 1876. 

The passage of the Meules will also require to be 
deepened, so that at the lowest flood tides there may be 
5'",3o of water. The expense on this head will reach 
i5o,ooo francs. 

Finally, a sum of h millions of francs will be devoted to 
the following works , conformably to the act of the 1 & De- 
cember 1 875. Reconstruction of the quays at Rouen; com- 
pletion of the lighting of the Seine; straightening and 
clearing the defective passages of Groisset and Bardoaville 
(6 and 36 kilometres below Rouen). This latter operation 
\\'\\l be efi'ected by dredging. 

The total of these expenses, will amount, in round fi- 
gures, to 3i,5oo.ooo francs. ♦ 
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In nddilion tu thi! udvantagps derived frfim an increased 
deplli of channel, (he conslrtiction of embank men Is has 
Citused Ihe formalion of about 8,lioo heclares of alluvial 
land, of uhich, G,35() hectares constitute, at the present 
time, meadows of excellent quality. 

In proportion as these reclaimed lands become con- 
solidated, they are transferre<l to the proprietors alonj; 
the river side, conditionally upon payment to the Stale of 
indemnities fined at half Ihe value of the lands acquired. 
The total of these collections will probably amount to 
i) millions of francs. 

Of these works, the greater proportion was executed 
from 18/18 to 1867, under (he direction of MM, Dovht, 
Briijubd, Kuuehy anil dd Boulkt. engineers in chief, and 
P*BTi0T and Godot, resident engineers. From i86<) to 
iS^ii, the service was directed by VIM, LsM^irnK and 
bbLOT, engineers in chief, and Aubu, resident engineer. 
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CANAL BRIDGE ON THE ALBE. 



I »■ 



Model in wood and sheet-iron 
represenling two bays, one abutment and two piers, flG«ileo'",o& 

(one twenty-fiflh). 

This bridge was constructed for the ^passage of the 
canal from the coal-raines of la Sarre, across the river 
Albe. It is /i 5 metres in length between the abutments, 
and consif9t6 of 'three bays, the central one 4iaving a span 
of 17 metre« and the others i9"*,&o eacfh. The piers are 
S'^J^o in height below the capping, and rest on socles -of 
o"*,Ao; their thickness is i"',5o at the -top, i"*,90 at the 
base, 9*", to at the socle, and 9"\4o below. They are sur- 
mounted ^by pilasters, between which is the iron trougli 
or water channel. The length of the piers is i9"*,5o at 
the summit, and between the external faces of the pilas- 
ters; below the capping, and including the starlings, 
lA metres; i/i"',/io at the base and i5 metres below the 
socle. 

The metallic superstructure is A7"*,6o in length « 
1 1 metres in breadth between the parapets, 6*%8o of 
which are for the water channel and 9'", 10 for each 
foot-way or towing path. The sheet-iron trough which 
forms the water-way is rectangular in section , except that 
the two lower angles are rounded off in a quadrant of 
o"*,70 radius; it is 9'", 55 in height and 6",8o in breadth. 

The perpendicular sides are formed by two girders of 
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double T.sccttoii. cxlenilinfjllie nliole tenfrtboT the wurL. 
The webs of ihese girdi?i's are 3™.o5 in bei^bt and o'",(n 
in lbiclcn«ts; tbi^ borinonlal Hanges. of tbc Hiiine ibickness 
and n™,lio in breadth, are bound lo il above and beinu 
by twn sets of angle-irons. In tho |)crp(;ndicular of llic 
piers, tbesG .piatfs ai-e doubled for the length of3'",8o, 
tripled for a"',tio,and quadrupled for i^jDo; they are »W 
doubled for G metres ond tripled for i metre, at tbe middio 
of tbe bay. Tbe Hanges project from ti»e web o"'.! ^i inside, 
and o^.afi outside ihe work. A series of vertical sliffeners 
strengthen each 'girder, and are fixed on ihr outer side nl 
distances of i"',ha, reduced to o'",i3 in ibe per[)endit- 
ular of tbe piers, and to o ',70 on the abutments; lliev 
are made of special iron, also in double T, S^.oS in 
height, of which the web comprises o"',9 6 and the arms 
o", 1 5 . and fit to the horii^onlal ilanges of tbe f^irders. 

The bottom or Hour is o"'.oo8 in thickness, and bends 
tip as it meets the girders, so as to adapt itself to the ver- 
tical side, and follows a quadrant with a radius of o"',yo. 
it is supported bv thirty five cross-beams and three rows cif 
longitudinal girde^.The horizontal cross-braces are i^.Ao 
apart and o"',30 in hqigbt, except near the girders, where 
tbey curve in a quadrant, in order to assimilate to Ihe 
iihape of the iotver angles of the trough, which gives to 
their junction with the girders and counterforts, a height 
of t°'.ei). They are In double T, with web of o"',5o in 
height and flanges of o°',aa in breadth: tbe lower iflange 
is doubled for U metres and the web is joined to the 
flanges above and below by a double series of angle- 
inms. Finally, three rows of longitudinal [girders alao in 
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double T iron o"\i8 in height and I'^^yo apart, from 
centre to centre, bind the upper parts of the cross-braces 
and extend even to their lower flanges, by trapezoidal 
iron plates. 

The trough is 6"*, 80 in breadth by 9™,55 in height: 
and the depth of water is i^^So, i. e, o"*,7Ei below 
the flange of the great girders. The sides ai-e protected 
from contact with the boats by floating pine beams, sus- 
pended by small chains, and extending the whole length 
of the bridge. In addition , rope and cork fenders are in- 
terposed between the pieces of pine and the sides, in order 
to deaden the shocks. And lastly, a round iron rail is fixed 
to the inner edge of the upper flange of the great girders, 
and serves to keep the tou ing lines at a distance from the 
sharp angles which would otherwise cut them. 

The towing paths are 9'", 1 in breadth , of which 1 ",80 
is clear road, and they are corbelled out on each head. 
They are supported by large double T iron brackets, in 
form of a quadrant with a radius of i",8o, vertically con- 
tinued o^./io at its lower part. All the brackets are con- 
nected by a girder in double T, o'°,5o and o",90 in 
breadth, which supports the parapet and roadway; they 
are also braced horizontally by a series of diagonal stap 
in flat bar-iron o'",o8 by o"',oi , which alternately bind 
their ends by crossing the intermediate bracket. 

Upon these brackets rests a series of double T joists, 
i'",8o in length by o"\5io in depth, that constitute the 
springing of some small brick arches of \"*^tio span by 
o",!/! rise and o",ii thickness, supporting a roadway 
in concrete, enclosed between two curb stones pierced 
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witli n cprlain numlipr of linles to discliarge tlie siiqilu-^ 
rain water. Tli« fjrpat {[iitlcrs of ihe water Irough are 
o^.ab above the lowing pa(hs, and this prevents all con- 
tarl between the iron-work and the legs of the horses. 

The whole of the metallic superstructure is completely 
isolated from the stone-work, and rest.^ on the points of 
support by means of expansion frames consisting of eight 
iron rollers o^.ia in diameter, the spindles of which are 
set in the same frame. These rollers are ronlained bp- 
tween a cast iron plate, securely embedded in each pier or 
nhittmcnt.and a second plate, grooved tu receive the lower 
flange of the great girder. Each plate is itself composed 
of two parts, between which are four steel wedges that 
serve to regulale the position of the girders on each support. 

The iron frame-work of the trough extends a little 
beyond the expan.sifin frames of each abutment to a distance 
of o'",5o into the masonry, with which however it does 
not come into contact, there being a space between, of 
o'".o6 , which is filled with tarred oakum to render it per- 
fectly water-tight. In this small space the seclion of ihe 
Irough is perfectly rectangular. 

The isolation of the water trough, for purposes of in- 
spection and repair, is effected by vertical recesses in the 
stone-work of the abutment, in which a barrage of planks 
can be arranged together »ith a small culvert and dis- 
I'harge sluic^. 

The whole of ihe trough, e\ce()( the brackets, was put 
together on the approaches of Ihe bridge, and set in its 
[dace by means of cast iron rollers. By Ihe aid of levers, 
liflv men [lerformed ihi-- work in hvo day^. 
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Under the permanent weight of water, and an excess 
weight of 9 00 kilogrammes per square metre, the maxi- 
mum strain on the iron-work was A kilogrammes per square 
millimetre in the parts liable to deflection, and &^,5o on 
those subject to pressure. Since letting in the water, it has 
been ascertained that the great girdei*s deflected o"',oo5 
in the central bay and o"*,oo3 in the others; that the 
cross-beams deflected o'",oo9 5, and that the sides of the 
trough bent inwards at the upper part, o*",©! from the 
perpendicular. 

The total expense amounted to i /j 8,000 fr., 98,000 of 
which (or 9,060 fr. per metre run) are for the iron-work, 
at the rate of 5 1 centimes per kilogramme of wrought and 
3.^ centimes per kilogramme of cast iron. 

The works were planned and executed from 1 863 to 
1 866 by MM. BriNARo, engineer in chief, and Ghigot, resi- 
dent engineer « des Fonts et Chausst^es ». 



FOURTH SECTION. 

MARITIME WORKS, 



SEA-PORTS. 
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LOCK OF THR PORT OF OUNKERQCE. 



Model in slooe, wood, iron and bronze, representing the lock with gates 
and swing-bridge. Scale o^to/i (one twenty-fifth). 

This lock, a i metres in breadth, was not provided with 
a chamber, for the reason that it has to give passage to 
ships of the largest tonnage that the capabilities of the port 
will permit; ships of which the draught allows them to 
enter only at high water. 

Length from head to head, not including platbands. . 59'",oo 

Thicknese of floor 3 ,00 

Maximom thickness floor at upper mitre-sill /i ,60 

Versed sine and projection of mitre-sill . . o'",35 and U ,10 

Length of gate recesses 13 ,35 

Depth of same 1 ,70 

Height of top relative to lower or tail floor. .... 8 ^09 

Depth of water at ^ring-tides 6 ,35 

Depth of water at neap-tides 5 ,35 

The thickness of the side-walls is 3'^, 60 at the top 
and S'^fSS at the flooring; this difference is given by five 

lO, 
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horizontal offsets; the quay walls are si"*,5o at the lop 
and ^'",70 at the base. 

The lock was built upon a soil composed of Bne sand 
in an enclosure of sheet-piling. The floor, which is set 
out in an arc with a chord of 9 1 metres and a versed sine 
of i5 metres, rests on oak piles 3 metres in length and 
9 metres apart in all directions. Their ends are let ©"'•io 
into thebeton that forms the bed of the flooring, and whicb 
is t",8o in average thickness. The upper layer Is i"*,90^ 
of which o"',85 are in brick and o"*,35 in squared stone. 
All the filling in is in home made bricks, and the facings, 
as well as the paving of the floor, are in Marquise (Pas-de— 
Calais) limestone, of which the model offers a specimen. 

The platbands are each 8 metres in length. The upper 
one is composed of a layer of clay i"*,/!© in thickness, and 
is protected by jointed planking fastened to the wales of 
the isolated piles. The lower or tail floor consists of a layer 
of clay, a bed of fascines, a layer of packing, and finally 
one of rough stone. The total average thickness is i",6o. 
Lines of sheet-piling protect the platbands. 

The lock is closed by a pair of ebb-gates abutted by 
portes'valets. Each leaf is 1 1",689 in breadth, 8",34 in 
height and o'^tgo in thickness at the middle. The frame« 
comprises the heel-post o",6o by o"*,55, the mitre post 
o^jSy by o"',53, upper and lower cross-pieces, o",/i3 and 
o"',/i5 in depth, and nine cross-braces in red pine. The 
horizontal pieces are convex on the upper side of the gates. 

Each of the cross-beams is formed of three pieces bolt- 
ed to each other so as to form a truss-beam. The cross- 
braces, o"',7*j in thickness at the middle, are made of two 
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lar pieces. The de|ilh of llie fuuf lower eross-piijces is 
o'",35: that of the five others o"'.3o. Their distance apart. 
o'",u5 for the four lower intervals, increases gradually 
from o^.ayii to i)'°,'yO. 

A doubit' diafioiial brai:r. o"',io by o'",a5. binds the 
horiKonlal pieces, and ts supported hy the foot of the 
heel-post. There are also two double iron ties o'°, i3 by 
u'",o3 with screw nuts in the upper part; one of these 
lies starts from the head of llie heel-post, the other from 
the top of the diagonal brace, thereby preserving the ri- 
gidity of the leaf. 

Five pairs of vertical stilTeners, o'°,3o by 0"",^^ and 
o'', 10 square, hind all the cross-pieces, strengthen the 
middle of the leaf, ami transfer a portion of the pressurtj 
to the sill. Each upper or head fare has a cleading of pine 
o"', t 2 in thickness; the lower or tail-face, a cleading of 
oak. o^.ob in thickness. 

Each leaf is provided with three wooden sluices, i metre 
in height by o"',9o in breadth in open-work, and worked 
by a rack and pinion jack. 

The ebb-gates are worked by means of chains fastened 
to the fac'!s of the milrc-posls, and geared to winches on 
the respective banks. 

Small jack-screws fixed to the return faces of the gale 
recesses, hold the mitre-posts open and prevent iheir dis- 
placement hy the movement of the waves. 

The portes-valets are constructed on the same principle 
as the ebb-gates. Each has a trapezoidal frame in home 
grown oak. with a breadth of i r",^^- a height of 8'°,6o 
at one extremity and l)'",3n at the other: also five inter- 
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mediate cross-pieces, of which. the breadth is o"',^ 5, with 
a thickness varying from o"*,3o to o°*,65; their distances 
measured along the heel-post, are successiYcly a '",7 5, 
o™,63, o™,6/i, o™,3o, o™,55, o™,66. 

A double diagonal brace inoak^ o"*«4o by o*',i5 form- 
ing ties, and two double iron ties o^'.iS by o°',o3, 
secure the rigidity of the frame, strengthened in addition 
by a pair of vertical stiffeners o'^^ib by o°*,i5, and by 
various iron mountings. 

The works of the lock were executed from i856 to 
i860. 

The total cost, without the swing-bridge, but including 
160 metres of quays to the approaches, amounted to the 
^um of 1 ,33 1,9 1 li fr. 39 cent., thus divided : 

Lock and walls of quay 1,357,693' 5& 

Gates 67,316 Ao 

Working machinery 6,97& 35 

The works were planned and executed by MM. Cdbl 
and Decharme, engineers in chief, and Plogq, resident 
engineer «des Ponf5 et Chauss^es?). 
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BASlft Of THE CITAUEI.. 



This basin 



coiu|in! 



:ti Iwo wet docLs, which comiiiuiiiutle, 



un onesiflc.Milh the port, by a lock wjlh chamber, on tliu 
uther, with the basin of tlie Eun,' by a simpli; Io<:k, — 
three gruving-tiocks of gradtialed dinienuions, and Iwo dis- 
charge or scouring locks. 

The 3 navigalioo loclfs have a iinil'orin widlb uf i (i lue- 
Ires from ibe level of (he lop of ibe ijuay walls of ihc dock. 
Tilt: side walls bave an incline of one eighth. 

The lad or lower sill ol the chamber has been'|daced 
on the same level wilb the boltuui of Ibe |>orl. or i'",lj5 
below the zero of the marine maps. As ibc guiding murk 
af opening and closing (lie gates of this lock has bt-eii 
liied at J^.So above Ihe sill, vessels drawing h m«lreH 
of water can enter the chamber, and thttnce pass intn 
either of the basins. !i y hours after high water, i. e. 
about i hours after ihe closing of the tide ga((;«. Similar 
advantages atl«nd their departure; in fad, TPssebi leave 
the tocL-chambcr at the same lime tlial steamer* wailing 
in ihu jiort arc able to pnl to sea. 

It would liave l^en us«:le»» to give lo the up|iergaliw 
ihe deplii given to tbi? lad-gak-A uf tiin cbamlxir. Accorii- 
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ingly their hcigiit has heeii reduced *j"',3o, and their sill 
made flush at o"',G5 above the zero of the maps, so that 
at the weakest neap flood, vessels drawing 5 metres of 
water can pass freely through these gates. 

The chamber is 80 metn^s in length by 55 metres in 
width, and the quay walls are 1 i"',3o in perpendicular 
height above the foundation. The bottom of the chamber 
is o'",5o lower than the Uiil-sill, and owing to this ar- 
rangement, the mud carried into the port can accumuiale 
at the bottom of the chamber, for a considerable period, 
withoui the necessity of dredging to facilitate the evolu- 
tions of vessels. Filling the chamber is effected by four 
triple sluices in the upper gates, and by two culverts, each 
i'",9/i in section, which open on the chamber. This ope- 
ration is accomplished in an average time of ten minutes. 
Two other culverts, of the same section as the preceding, 
serve to empty the chamber, that is to say, to lower the 
plane of the water 5'",3o above the upper sill of the tail- 
gates. Thirty five minutes are necessary for this second 
operation. 

The dock is divided into two parts by a mole. The 
northern part, which serves as a channel of evolutions 
between the Eure and the Citadel basins, is 1 10 metres 
wide; the southern part is only 80 metres, and the space 
between the extremity of the mole and the entrance to the 
dry docks, is i 00 mt'lres. The quay walls have a uniform 
height of 9 metres above the foundations. The foot of the 

walls and the bottom of th(^ basin, are o"',5o lower than 

• 

the sill of the ujiper gates of the chamber and of the com- 
munication with the basin of the Eure, consequently a 
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certain limo must olajDic before ihe mud deposited by tbe 
rising tides, can ini|>ede the evolutions of vessels in llie 
biisia. 

The thret-' diy docks, that conslilule ibc iien estiiblishiuenl 
for repairs, hav*; been constnu-led in ihe south-east bant 
of the basin of the Citadel. They are respectively lib, 
hh, ami 70 metres in length on tbe blocks; 1 1. i3 and 
16 metres in width at ibe entrance lock, measuring from 
ihe lop level; 7 metres, 7'",5o and 8 metres in height 
above tbe. sill of the entrance. The side walls and banks 
of these docks are inclined one eighth. 

Tbe dry docks are closed by floating gales in sheet- 
iron, with a foot-bridge at tbe (op. Tbey are fitted with 
sluices which fill them when necessary. Each dry dock is 
in direct rommunicalion, on the one part, with the port, 
by means of culverts closed by double iron sluices. Ihe 
aperture of which is at ihe fo(rt of tbe upper platband of 
the entrance lock; and on the other part, vtith a common 
shaft with which is connected a steaui-pump. 

At spring-tides, the three dry docks are completely drained 
at low water bv means of tbe culverts which discharge 
into the purl, Al neap-tides this is not tbe case, and it is 
necessary to pump out a channel •".yo in depth for n° 1 
dock, 3''.'io for n" -j, and a"', 90 for n" 3. 

The l«o scouring locks are placed side by side, and 
open into the basin 'if the (iitiidel , Retween Ihe upper 
gales of ihe chamber and the dry dock n" 3, and into the 
port near ihf soiithiTii wing wall of ihe tail-gate of Ihe 
Ml. 



tch lock i 



I bri-adfb Ij\ 7 in beighl. and i 
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closed by a turning gate and a pair of sluices. The gates 
open and shut by the action of the current, and the object 
of the sluices is to protect them from the swell in the port. 

The inverts are horizontal and made flush at a"',i5 
higher than the zero of the maps^ for a length of ^8 me- 
tres starting from the upper sill; they then incline^ fol- 
lowing a regular slope, so as to reach, at the lower aper- 
ture, the level of the bottom of the port (I'^^GS below 
zero). The total difference between the upper and lower 
level, is therefore 3'",8o. Besides the basin of the Cita- 
del, the supply reservoir of the discharge gates includes 
the basin of the Euro, the entrep6t dock and the basin 
Vauban, making altogether a superficies of 89 hectares. 
From this calculation it follows that, by lowering the 
water of the basins only one metre, which at spring-tides 
would in no wise inconvenience navigation, the scouring 
locks could throw a volume of 890,000 cubic metres of 
water into the port, at ebb-tide. 

The lower end of the lock of the chamber and the lock 
of conununication with the basin of the Euro, are each 
crossed by an iron swing-bridge with a single flap and 
two carriage ways. Each bridge is 35"", 17 in length, 
6"',9^ in width and consists of two girders, forming the 
parapets, increasing in height from the extremities to the 
point of greatest tension. These girders are connected 
transversely by joists, strengthened by gussets and cross- 
braces, to which is bolted the wooden flooring that supports 
the double carriage way, the two foot-ways, and the ridge 
separating the two road-ways. 

The lock.-gates are of timber and are double. They are 
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furiued of an oaken fraine . the ujinghls of which arc con- 
nected by cross-pieces in |>ine. A ri([id pine planking k 
laid over the cross-pieces. Besides the lenons. the connec- 
Lioa of tbv various parts of ibc worl; is secured by means 
of rows of bands and a double wrought iron lie. 

Th'' upper gates are 7'",/io in height. The lower gates, 
wliicb are o"',»o lower in level ihaii the upper gates, 
are g"',33 in height, hi order to protect tliom from the 
attacks of the teredo worm, all tho wood-work has three 
coats of metallic paint, and is covered will) nails to a level 
corresponding with high water at neaj>'tide. 

The balance gates and discharge sluices an.' also in 
timber. Eacli of these gales is formed of a single leaf, 
5",70 ia height, by G', i6 in breadth, divided into two 
unequal parts by the vertical a^is on which it moves. The 
difference in breadth is o'"^o6, and in the largest side a 
lurniug sluice is placed, the dimensions of which are so 
arranged that when it opens, the pressure of ihe water 
preponderates ia llie smaller leaf of the large gate. 

The floating gates which close the three dry docks of 
the (Citadel , are iii plate and angle iron. The frame pieces 
put together on r keel and bound by strong floor tim- 
bers, a keelson, longitudinal pieces, a water-light dork, a 
foot-bridge and diagonal stays. The plates of iron are riv- 
■ted clinker fashion on ihe angle irons, and make the cheat 
perfectly water-tight. 

The water-tight deck divides each caisson into two dis- 
linct parts. The lower pari forming the float, contains the 
Irallasl, and should he always diy. This ballast is so re- 
ulali'd lh;il ih'- caisson hll to itself floats on a level with 
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the water-tight deck. The other part can either remain dry, 
or be put in communication with the water of the dock. 
With this view, two or three sluices, according to the dimen- 
sions of the caisson , open in each side of the hull on a 
level with the water-tight deck. Under the foot-bridge and 
in the same compartment, is a chest, the bottom of which 
is above the level of the highest tides, and which serves 
to receive the water intended to sink the caisson. 

To accomplish this, the sluices being open, it is only- 
necessary to introduce the water into the upper chest. The 
equilibrium is immediately disturbed, and the water from 
the basin flows into the upper compartment, above the wa- 
ter-tight deck , and the caisson sinks until the weight of the 
volume displaced by the plate and the angle-irons, is 
equal to the weight of the water introduced into the chest. 
And as under the most unfavourable circumstances the 
volume displaced is of little importance, a small quantity 
of water is sufficient to sink the caisson. 

The cost of all these works, including the reconstruction 
of the eastern quay wall of the port and the expenses of 
survey and superintendence amounted to 1 0,100, 85/ifr. 
o4 cent. 

These works were constructed from i865 to 1871, 
and directed by M. Hi^rard, engineer in chief, and 
M. Bellot, resident engineer redes Ponfs et Chauss^es'^. 




Drawings on scalpii varyiriR fr 



In I 81(7, it was roiind essenlial to replaco thi> biisin of 
oldest (late in the port of Brest. The new one recjuired a 
length of 1 I a"", 70, a brefldlh of lock 21 '".70, and S^.ao 
of water in Ihe lork at the lowest neap-tides. For this pur- 
pose It was necessary to construct a coffer-dam, found- 
ed on the compressed air system, by means of a unique 
caisson 37 metres in lenjfth by S^.So tn breadth and 
io'",5o in heifjhl, attached, at one end, to a \iall of ma- 
sonry previously built, and at the other, to the solid rock ; 
also to erect a general wall upon the whole. 

This work was remaikablu lor the eiceptioual dimen- 
sions of the caisson, Ihe necessity of removing the appa- 
ratus, and the dilficullies occasioned by tidal movements. 

At the bottom of the caisson was a large working 
chandler strengthened In various ways, and divided into 
three parts, each provided with a shaft surmounted by an 
air-chamber. 

Above this first cbaudier was a second, a 1 metres in 
length. and Intended to facilitate the taking to pieces that 
part of the caisson which was lo be removed at the ler- 
minatinn of the works. In order lo Irave the entrance of 
the basin rlear of olistriicliori. 
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The lower part, comprising the working chamber, was 
obliged to bo lowered sufficiently to allow the free pas- 
sage of vessels; and it was considered more advantageous 
to preserve it, as a protecting wall in front of the lock 
than to remove it. This conviction suggested the plan of 
a double working chamber, and a caisson in two parts, 
each of which constituted a separate caisson, and was 

fastened to the other bv bolts. 

•I 

Above the second working chamber was an open com- 
|)artment, which could b(» closed and rendered air-tight if 
necessary. This compartment was divided into two parts, 
one 9 1 metres in length, corresponding to the portion of 
the caisson which was to be removed, the other 6 metres 
in the line of the quay wall, and intended to remain in 
its position. 

At each extremity were three large grooves, i metre in 
section, descending vertically to the bottom of the lower 
chamber, of which the side opposite the rock was ex- 
tended by an inclined plane, in order to fit the edge of the 
caisson. 

These grooves were open next to the rock, and were 
destined, by fdling them with beton, to form an air and 
water-tight connection between the caisson and the side of 
the rock. A man-hole was contrived in the lower part, in 
the inclined plane just mentioned, so that from the work- 
ing chamber, the grooves could be cleaned before filling 
them with beton. 

In July 1867, this caisson was put together in one of 
the graving docks of the port of Brest, and when finished 
weighed 170 tons. 
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In September it was ballasted with stone-work, increaft- 
ing the weight to 9 Ac tons, then taken like a boat to the 
spot required, and grounded in the precise position pre- 
viously assigned to it. 

At the commencement of the sinking the work suffered 
considerably from tidal agitation, until the caisson was 
sufliciently weighted to admit of injecting air, and carrying 
on the work continuously in the chamber. 

Two blast engines established on the bank, and moved 
by a 3o horse-power engine, conveyed to the working 
chamber nearly 600 cubic metres of air per hour. 

A portable engine, also on shore, worked the three 
hoists established in the shafts by means of transmission 
lines and pullies. 

The excavated earth was discharged into mud-lighters 
alongside the caisson. 

To avoid injury to the edge of the caisson , by the weijjht 
of the stone-work, it was supported inside the working 
chamber, by shores resting on the rock , and tightened at 
the upper part by means of wooden soles and wedges. 

The masonry above the working chamber, was built 
with mortar of t cubic metre of sand to o*'",55 of hy- 
draulic lime and 100 kilogrammes of Portland cement. 
The working chamber was filled in with rubble, and the 
mortar was composed of 1 cubic metre of sand to o*"*,/i5 
of hydraulic lime, and f)Oo kilogrammes of Portland 
cement. 

The portion of the coffer-dam , above the side of the 
caisson, was constructed without difliculty at low water. 
The junction of the caisson with the sides of the basin 
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requin'd particular can\ and oecossitated the omptoyment 
of diving apparatus in order to thoroughly clean the grooves. 

The work was finished in April t868. The iiltration 
was only i o cuhic metres per hour. 

In A|)ril i86(), the works of the basin being finished, 
the demolition and removal of the coffer-dam were pro- 
ceeded with. 

For this pur|)Ose, before letting the water into the 
basin, and by continual j)umping, the part of the caisson 
lo be removed was detached as completely as possible 
from the masonry to which it adhered. This was accom- 
plished by opening two little galleries at the two extremi- 
ties, to nearly 5o centimetres from the exterior facing. 

The water was then allowed to enter the basin. At the 
rising of the tide, the masonrv above the caisson was de- 
molished. 

The stone- work in the open compai*tment was also de- 
molished at the flow of the tide, but pumping was neces- 
sary to carry out this work. 

The demolition of the masonry in the second working 
chamber, was commenced in open air. A longitudinal gal- 
lery was made, before replacing the air chambers on the 
shafts, and the work was then continued with compressed 
air. The masonry was then removed. 

Then, the caisson being sufficiently freed from weight, 
the bolts holding it were drawn, and it floated by pum|>- 
ing out the upper compartment. 

This operation was successfully performed on the 96**' 
June 1869. 

In short, the construction of the coffer-<lam was accom- 
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plished in seven months, and its demolition in two months 
and a half. 

These works were executed hy contract, at a cost of 
376,000 francs, without reckoning ^,6^0 francs for the 
extraction and clearance of wood, iron, etc., from be- 
neath the edge of the caisson. 

The execution of the work was directed by MM. Ds- 
HAR6NB, engineer in chief, director of hydraulic works, 
and RoussBAu , resident engineer. 
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POKT OF SAINT-NAZAIRE. 



A perspective view. 
A geometricai plan on a scale of ,~. 

The port of Saint-Nazairc is situated on the right bank 
of the Loire, at the rnoufh of the river, and is but of re- 
cent creation. Twenty years ago, the place now occupied 
by the dock was only a small creek or bay, frequented bv 
pilot and fishing boats. 

In front of the port is a roadstead, formed by the en- 
largement of the great channel of the Loire. There is a 
depth of 8 to 1 5 metres at low water, and the bottom 
being composed exclusively of mud, vessels find excellent 
holding ground in this roadstead. TJiere is very little swell, 
and the smoothness of the water is owing to the rocks 
and sandbanks „which break the force of the waves at the 
mouth of the river. The mole, constructed at the point of 
the old town, also contributes greatly to the security of 
the anchorage. 

At the entrance of the Loire there is a depth of at least 
7'",70 at high water of neap-tide, and 9"',9 at spring- 
tide. 

Getieral description of the port, — In its present condi- 
tion, the port of Saint-N«izaire consists of a channel lined 
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with woodfii ji'ltiet. and terminatm;' in two locks which 
form ihe entrance of a ftoaling dock, surrounded by large 
({uays. The roadstead (iupplies the place of an outer port, 
and vessels moor at the extremities of the jetties and are 
aftenvards towed up the channel. When the basin is open, 
ihey pass directly through the locks. 

!\aturc of llie ground. — The basin and locks have been 
established in a hay having a mud boUom with an under> 
lyiog stratum of compact schistous rock. They were conr: 
structedby means of a hanked up enclosure, formed of the 
excavated earth and constituting a colTer-dam. Many dilli- 
culties attended the execution of this work, but the talu5 
in loose stone. 4 in base by i m hpight. has enabljed it 
lo resist the action of the water. 

This embankment, enlarged by the excavations of the 
basin, forms an earlh-work which answers the double pur- 
pose of fortilicatiuns, and of shelter from the wind. 

Dimensions of principal works, anti lieiglit of lilies. — Be- 
fore entering into details, it will be useful lo furnish these 
particulars : 

Coping of side-wnll of great lurk, and (iDoriiig of npvi 

jellies lQ",(i.i 

CopiDg of oilier locks and flooring of old JpHIw. ..'.... i H ,6ci 

Raila round bsHiii lA .ko 

CoiHDg of quays ofbasin ofSaint-Nuaireaad Penhouel. tk ,60 

High wafer at equitiorlial ipriDg-tid<< i5 ,oH 

High waler nl ordinary spring-lide i5 ,So 

High water al neap-tide 17 ,00 

Lav walcr at neap-tide 1 g ,3o 

Low water at ordinarj spring-tide 10 ,5o 

Zero nf annual register oflidfis ao ,83 

Low waler at eqiiinoclial spring-lide ■ i ,00 

aero of jpiigp al Sainl-Nnwiri-... , .!..... 41 ,10 
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Ix>ck-sill lo chamber of i.'i moires in breadtb 9 3*, to 

Bottom of part soutb of basin of Saint-Nazaire a3 ,90 

Bottom of part north-west of Saint-Nazaire ah ,00 

Ijock-sill 25 metres in breadth. Chamber same depth. . s& ,3o 

Bottom of part north-east of basin of Saint-Naiaire . . . . s4 ,5o * 

Carpenters' bar 9/1 ,78 

Bottom of basin of Penhouet 96 ,00 

The channel was opened through a bank of mud, which 
at high tides reaches the end of the south jetty, and, on 
the north bank, to twenty metres distance from the wing- 
wall of the lock, where at low water there is always a 
depth of 9 or 3 metres. It is properly dredged , and ships 
always find 7 metres of water at high neap-tide. 

Jetties. — Wooden jetties extend along the two banks 
of the channel. The uprights are 3",75 apart from centre 
to centre, and have an exterior and interior diminution 
of one tenth. 

The flooring is 4",5o in breadth j reduced to 3"*,36 
between the side-rails. It is on a level with the coping of 
the locks, i™,A8 above the equinoctial tides. 

All the wood-work is in Prussian pine. Worms made 
their appearance for the first time in 1869, and have 
caused considerable damage. 

In every part of the north jetty joining the lock, it has 
been necessary to use hard stone to a depth of several 
metres below low tides, where piles could not be driven. 
The method adopted for this part of the foundations was 
the same as that previously employed for lengthening the 
side-walls of the locks. The uprights were fixed in shafts 
of stone-work 6 metres square , carried down to the rock 
by its own weight, the mud being taken out from the in- 
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side'". These lioles, made ilush al Iho sides (i8 inelres}. 
received [he uprights. 

This mode of cunstrucUon has succeeded very well. Car- 
ried to perfection hy means of compressed air, il has been 
successfully employed in ihe foundations of great bridges 
and similar works, where llie defective nature of the 
ground presented extraordinary obstacles. 

Locks. — Two locks occupy the channel '^', They have 
their foundations entirely upon the rock. The largest, 
constructed with ihe view of admitting Transatlantic 
paddle-steamers, is 25 metres in breadth. Il is a .'simple 
lock with two pairs of gales, one of which can serve in 
case of accidents or repairs'*'. Al the lowest point of the 
sills, which take Ihe form of an arc, there i.s 7"'.3o of 
water at the lowest high tides, and at spring-tide 8™, 80. 

The small lock is 1 3 metres in breadth , and has a cham- 
ber 60 metres in length, capable of being used from half- 
flood till half-ebb , that is to say. six or seven hours. When 
a large ship requires to enter or leave the basin, the lock 
of a5 melres can remain open two or three hours. 

liuildin/i: the aide-walh oj the great lock. — The cappings 

"' Tlie delfiils of llieae shafts maj' be fuund in llie Coittciian of draivingt 
atlki,EeiJeilri,P.nliitlCluiiaiM,\o[.l. pari III. Consull also tbe ilescriplion 
of the colTfr-dani with shafts at the port of Lonenl, puljlisheil under Ihf^ 
direclion of llie Mluistry of Public Works, and of whii^h a mudel vi3t shown 
in Ibe Cnivprsal Eihibilion at Jj>Drt(in i^lj^. 

*" One of Ihfse locks i« described in Uie ColUciiim nfdraivmKt at On Efot* 
in Ami) ft Cluautrti. See the ac^^oiinl giv^n in lol. I, pari III. 

"' The model of tLei*e gales appeared in Lbe t'niter?al Exhibition at Lon- 
don iSf^a. 

The de»rnption is found in llic notice piiblisbrd on this orcasion, hj llie 
.Viniilries nf ^cneiilt'ire. roinmerte and Public Works. 
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of the locks are i'",ii8 above high water of the equinoc- 
tial spring-tide. In order to facilitate the entrance of Trans- 
atlantic steamers, the height of the masonry of ihe walls 
in the perpendicular of the facings, has been raised 
3 metres, with the view of guiding the outer frame of the 
paddle-boxes. Above the recess, strong iron girders are 
placed, serving also as foot-bridges. 

B(uin. — The locks terminate in the "basin, of which 
the dimensions are as follows : 



:' part I 



i Length 5«o' 

Breadth 1 60 



.nd 



M part 



\ Length 160 

( Breadth 90 



The superficies is io'',4o. 

All the lower part has been excavated to a depth va- 
rying with the gneiss schist, which, simply covered at 
certain points with a thin stone facing, forms ihe body 
of the quay walls. 

The depth of water maintained in the basin is always 
greater than that of high neap-tide ( 1 7 metres). The fol- 
lowing depths are found at this level : 

Opposite the locks and the quay des Fregates 7'"«5o 

Tlie length of the quay de la Marine 7 , t o 

Between the quays of the Loire, Vieiile-Ville and Com- 
merce 6 ,ao 

Between the quays Wattier, Henri Ghevrcau and J^u, 

from 6"',ao lo 7 ,00 

The basin is surrounded by vast quays connected with 
the railway terminus by lines of rails. 

The port of. Saint^Nazaire being especially a port of 
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(raii»it, iiliii06t all ^oods |)»ss direrllv from ihc vvssds inio 
llie trams, or iiilu lighlors wliirh f^n up (o Ntintes. and 
vice versa. 

The lotal length of the quajs is i.ooo metres. A greal 
part of this space is otrupied by lh*> public services and 
ihe General Transallanlii; Conniany. The lands sitiiatL'd 
behind the Marine and J^^ou quays have bten granted to 
this Company, and sheds, stores, Hiirlk-shops. etc. have 
been established, containing all things requisite for the 
service of ibe two lines of Mexico and the Antilles. 

The 860 metres of quays are utterly inadequate to the 
requirements of commei-ce. and the completion of a second 
basin is looked fontard to with impatience. 

Clearing ike port of mud. — Bv referring to the com- 
mencement of this notice, it wilt be seen that the channel 
(jf the port of Saint-.Nazaire was opened through a hank 
of mud, which is constantly being renewed by the tides. It 
was necessary to act promptly in this matter, and the pro- 
blem was solved iD a manner at once satisfactory and eco- 
nomical . by the aid of pumping and discharging boats. 



the 



engine working both pumps and propellei 



1.000 to i,5oo cubic metres were taken from the port to 
lh« roadstead . and there discharged by opening the valves. 

An urdinary dredging-machino is sufBcient for those 
parts of the port where, for various reasons, th'.' mud is 
not sufliciently liquid to admit of being pumped, which 
is the case when the density eiceeds 1 ,900. 

At the present lime the imporliince of dredging opera- 
tiaofi is fully recognised and the cost of ifaem is accurately 
. To maintain a suflicienl depth of water for the 
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movements of large vessels, it is necessary to remove the 
following quantities every year. 

In Ibe basin (from a superficies of io\&o). . . 163,000"* of mud. 
In the channel (from a superficies of i\35). . 198,000 

Total 356,000"" of mud. 



Which is equal to i^'^^bb per square metre of the 
basin, and i/i''",97 per square metre of the channel. 

Three fourths of this mud is pumped, the remainder 
is dredged. 

These operations arc carried on at the following cost 
per cubic metre, for pumping and discharging. 

Coals, repairs and labour ^ o^iS 

Inleresl and payments for working material o ,96 



'1^ 



Tolal cost o',39 



KXTBACTIOH AND DISCUARUB OP HID DBBIMiBD. 

Coals, repairs and labour o',35 

Interest and payments for working material o ,37 

Total cost o',7a 



Expetises. — The cost of the works of the Saint-Na- 
zaire basin may be divided as follows : 

Enclosure dam 396,000' 

Earth-works and masonry of basin 5,69/1,000 

Construction of jetties and excavating channel i,A3/i,ooo 

Lock-gates, sluices, etc 693,000 

Various works 980,000 

Total 8, 1 96,000^ 
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jVeuJ a'orlu in courae of ctnuilructton or pltinned. bantH oj 
Penhouet. — The inadequacy of the basin at .Saint-INiizaii'i^ 
svat soon ast^ertaiocd , and it wos decided that a second 
basin shouhl be formed in the bay of Penhouet. The cusi 
is estimated at iS.ooo.ooo francs, and at this time the 
worU art' bt-ing prosecuted with the greatest artivity. 

It wa^ impossible to form a direct entrance from the 
roadstoad to thf) basin nf Penhouet. To attain any great 
depth, it would have been necessary lo advance consider- 
ably into the open and deep water, and itic projection 
occaeioni.>d by the formation of a now channel, would have 
infallibly closed the present entrance. Under these cir- 
cumstances, it will be necessary to enter llie second basin 
by passing through llie first. 

Tlie circular rlarn or embankment, that surrounds and 
protects all the work-shops, was finished in i8fii>, and is 
now being enlarged with the soil excavated from the basin. 

Lock-ehamber. — The communication between the twu 
basins will be ell'ecled by means of a lock-chamber 
ua luelrps in brendtb, and ^''.So in depth uf water al 
neap-tide on the sills, which are horizontal. 

Four pairs of gales will enable the loct lo be worked 
in both directions, in order to control the level of the 
water in the basin of Penhouet, and to prevent the accu- 
mulation of rand there. The It^nglh of the lock-cliambei: 
is 1 ito metres. 

Two large cidverts a metres in breadlh pass through 
ilie whole length of the chamber walls and connect th«J 



wo basins. The* 



inmunicHte with the chamber hv means 



ardinate culverts, llpa(l.s. or reserve [ir 
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water have been created, passing through siuail culverls 
with outlets o^'^ao in diameter, level with the bottom of 
the gales. They will serve to produce rapid discharges of 
water, and will obviate the necessity of clearing the chan- 
nel by hand labour. 

Iron bridges for the general traffic will be constructed 
at each end of the lock. 

Quay walls. — It will not be possible to build walls all 
round the basin. The precarious nature of the subisoil will 
not allow of one in the mud valley which crosses the basin. 
At the south-east angle and the middle of the west quay, 
stone packing, resting on large masses of stone, is substi- 
tuted. Wooden platforms enable vessels to come alongside 
the quays. 

The quay walls are io'",/io in height, and are founded 
upon the solid rock, but under different conditions. While 
some parts are composed of simple stone facing, others 
will have to be carried to a depth of i o and even i a metres 
below the bottom of the basin. 

Three graving docks, also founded on the rock, are to 
be established in the basin of Penhouet. The following, 
figures give their dimensions. 





BREADTH 




DEPTH 


DOCK. 


of 


LENGTH. 


below high water 




entrance. 




at neap-tide. 


NM 


1 


i35" 


7-»3o 


N*2 


16 ,00 


ii5 


5 ,5o 


N"3 


i3 ,00 


95 


3, 5o 
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Head of water. — In creating at Saint-Nataire a second 
banii more than dotible the sise of the first, the redaction 
of the accumulation of mud to the lowest proportions, 
became an imperative necessity. 

With Uiis view, a special head of water will discharge 
itself into the roadstead by means of sluices.- These will 
not be worked more than two or three times a month, 
and always in calm weather, when the upper part of the 
water is not heavily charged with mud. 

The head of water will be 3o metres in breadth, and 
the sluices will be worked by lowering, in such a manner 
as to take only the surface water, as may be deemed con- 
venient. 

BuHding-yards. — Between the basin and the roadstead, 
sufficient space has been reserved to establish building- 
yards. One part is already taken up by the General Trans- 
atlantic Company, and five of their great iron steamers 
have been constructed there. 

Cost. — The cost of the basin of Penhouet has been 
estimated at i8,5oo,ooo francs divided as follows: 

Acqaisikion of ground 9,o35,4oo' 

Enclosure enabankment or dam 500,000 

Earth-works 3,8oo,ooo 

Lock aS metres in breadth 9,900,000 

Quay walls and stone packing in basin 4,35o,ooo 

Head of water 5oo,ooo 

Three dry docks 9,800,000 

Various works 600,000 

Employment of lock 9s temporary dock 960,000 

General and unforeseen expenses 86/1,600 

Total i8,5oo,ooo' 
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The en(rincers who have successively assisted iu plans 
and in tlie execution of the works of the port of Saint- 
Nazaire are MM. Cabrol and Plantibr as engineers in chiei' 
directors; A.SiGOU, Chato.nby and de Cargaradbc, as engi- 
neers in chief; de la Gournebie, A. Watier^ Lepermb, R^vol 
and Pogard-Kervileb , resident engineers. M. Morel (Joseph j 
has been attached to ihese works as conducteur since 
their commencement. 



LOCK-GATES OF SAIIVT-NAZAIRE 



(LOIHE-lNrBRIECBB]. 



Model <.n a 
A drawing oi 



iletilli). 
ne tenth ). 



The port of Sain^^nzairp liiis two lonks ^h mptres in 
width. 

The first puts the basin into communication with Ihc 
roadstead, and is furnished with two pairs nf wooden 
gate&; the second will siibtefjuenlly conned (he basin of 
S»int-Na»iire with thai of Penlioiiet, now in course of 
construction, and has one pair of iron gales. This lock is 
temporarily used as a graving dock. 

The maximum pressure, supported [)y the two pairs 
of wooden gales, is 6 metres, which corresponds to the 
difference between flnnd Jind cU\\ of prjiiinnrlial spring- 
tides. 

At strong tides, when the grnving-dock i.t dry, the iron 
gates have to support a pressure of lo metres of watt^r. 
This difference necessitated giving them great power of 
resistance. 

As there is no uppreciahle dilferrnri' between the di- 
mensions of ihese gates, in irspecl lo hcighl and bn-iidlh , 
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a comparison between the two systems may possess soino 
interest. 

8 1. — Cross-gates. 

Principal dmrnisions. — The lock of the port of Saint- 
Nazairc has an opening of 2 5 metres, and each of the 
leaves is iS^'.gG in total breadth and lo metres in 
height. 

The thickness at the principal post is o"',6o, and at the 
middle i'",6o. The tail-face is flat, but the head-fare is 
curved to an arc of a circle concentric to one passing 
through the interior angle of the chief posts and the ex- 
tremity of the mitre-sill. 

Construction of the gates, — Each leaf consists^f sixteen 
wooden cross-pieces each formed of a tie-beam of o",^jo 
and four stove-bent pieces o^jao in thickness. The two 
inner pieces join the beam to which they are fixed by the 
medium of iron plates strengthened by angle-irons; the 
two others extend to the extremities of the tie-beam. A 
system of brackets, tie-bands and bolts completes each of 
these cross-pieces, which are in fact, trussed beams. 

Thirteen of the cross-pieces which are only o^^Sy in 
thickness are superposed to a height of &"',8o at the lower 
part of the leaf; the other three, o"',/io in thickness, are 
placed at distance from each other of o'^ygS, o"',90 and 
3 metres. Wooden wedges and wrought iron frames retain 
the latter in their positions. Fifteen vertical wedges or 
keys, driven in >\ith a monkey, after the placing of the 
beams, complete the frame-work. 

In short, there is neither heel-post nor mitre-post. 
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The iToss-l)eams PxtPnd thp whnli' leinflfi iil' ihc leiif, onil 
ape simply bound al ihe ends with iron ringH o"'.oio in 
iKirkiiesfi mulually slreiipthened by means nf inner jiinr- 
tiuii plale.s consolidiitod hj hands of iron plate and bound 
from one post to tho other by three iron cross-braces; Iwo 
of which clasp the solid pari of thfi leaf while Ibc llilnl 
rests on the upper cross-beam. 

The cast iron pivots attached and bolted to the upper 
and lower cross-beams are aUo riveted to the last nnffs 
of (he post. 

The rounded up-slreani face of Ibe gale has a verti- 
nal plank cicading o",oS6 in thickness, and a watertight 
pleading of sheet-iron o"',oo5 in thickneNA, i» fixed on 
the plane tail-face between the two upper iron cross- 
|iieces. 

The real novelty, presented by the gates of Saint-^a- 
stairp. is the absence of heel and mitre-posts. Special and 
eipea'.iie woods are therefore no longfr necessary foe 
the consiniction of gates having great width of opening 
and a considerable depth of water; neither is there reason 
to fear the dislocation which causes the destruction of all 
^tes. Wood of a resinous nature and of ordinary dim<>n- 
sions. is all that is required. The idea nf vertical bond*, 
obtained by means of interior keys or lies to the leaves, 
appears also eicelleni, but it had been previously applied 
to gates having an opening of iH",5o. 

The gales constructed in i856 were made entirely of 
Prussian pine, while those of 1898 were in pitcbpine. 
Since their erection, they have worked wiUioat accident 
or tin- least dislocation. 
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Cost. — The rosl price of iho pair of gates of 1808. 
may he divided as follows : 

a43"",5o frame-work in position at 336^37' per 

cubic metre ^'^ 3fl,097',85* 

1 6,99/l^5 galvanised sheet-iron at 1 ^70 per kilog. ^18,890 65 
'jo,a6o kilog. sheet-iron not galvanised at i',5o 

per kilog 80,890 00 

i(),8/!i() kilog. galvanised iron-work at i^/io per 

kilog flfl, 1 84 /io 

12,6/17 kilog. iron-work not galvanised at /,q<» 

per kilog 1 5, 1 76 ho 

5,006 kilog. cast iron at o^6a6 (average price). . 1,881 76 

Caulking 3,39'! hh 

Painting, coating and mastir 6,755 78 

Sundry expenses 2,863 o3 

Total I9a,/i6.'/,3r 



It must he remarked that at the present time, this price 
would be considorahly diminished by reason of the abo- 
lition of duties on raw materials. 

The two pairs of gates of *.)5 metres opening, at the 
port of Saint' Nazaire, were constructed on the same 
system, the first in 1 856 , by the late M. Watier, engineer 
of (c Ponts et Chaussees^, and on his plans; the second by 
M. Leferme, engineer '^ des Ponts et Chauss^esT), in 1 858. 

The works were commenced under M. Ji^gou, engineer 
•^dcs Ponts et Chaussees??; continued and finished under 
the direction of M. Chatoney, engineer in chief des « Ponts 
et Chaussees^. 



^'^ This sum inrliidos the wood which is calculated at 169^,50 por C4ihic 
m**tr»» of frame-work. 



S II. — Iron g^tes 
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Principal dimemtiom. — These gates havo the same fnrm 
and prinripal dimensions as the wooden gates previously 
described, almost Ihe oniv difference beJn^ (hat their 
height is lo^.^S, instead of lo metre*. 

Compontion of the gates. — Each leaf consists nf twelve 
rross-pieces , three vertical fjirders forming uprights, and 
two other vertical girders at iho enlrfmities. ronstiluting 
heel-post and milre-post. 

The rross-pieres are {("".jjo apart, Irom centre lo renlru, 
and are in the form of a double T girder. The web is in 
iron-plate, o°',0!i in ihicliness for two cross-piecps, and 
o".oi5 for the Ion intermediate ones. The flanges are 
formed of two angie-irons, o"".! 60 by o'", 1 10 and o^.oi fi, 
with the arms corresponding to Ihe skin, whinh is o"',ni(i 
in thickness, and the rover-pldle. which Is o°'.'AS'y in 
breadth by p"'.oi5 in thickness. 

The uprights are arranged in a similar manner: never- 
theless the girder is not continuous, but is composed of 
successive rectangular lengths, riveted together at the ends 
in the same vertical plane, and intercepted by the webs of 
ihe cross-pieces. The two flanges of the girder are not par- 
allel, and in each nf the intervals which separate two 
cross-pieces, ihe web is pierced by two elliptic man- 
holes, which give access lo ihe Tnterinr. for the purpose 
of scraping and painting. 

The outer skin is continuous, and extends over the 
whole ol ihc frame. Il is formed of sheets of iron o"',nio 
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in thickness, covering accurately each of the rectangular 
spaces, formed by the cross-pieces and the girders. Five 
vertical rows of frames, in angle-irons o"',o6o by o^.of) 
to o'",oo9, placed at regular intervals between two suc- 
cessive uprights, constitute intermediate supports to the 
sheets of iron forming the skin. 

Ballast, — Each leaf weighs i /lo tons in the air, and as 
it would float in the water, before being completely sub- 
merged, ballast is requisite, and for this purpose it is di- 
vided into two water-tight compartments by the fourth 
cross-piece, counting from the top. 

The upper compartment serves as a receptacle for bal- 
last, which is furnished by the water in which the gate 
is immersed. The water has free entrance and egress, by 
the apertures in the up-stream and down-stream skin, so 
that the ballast is self-moving, and is proportioned in 
quantity and weight to the level of the water in the basin. 
The apertures are, however, fitted with valves, capable of 
being opened and shut at discretion from the foot-bridge, 
but, as a matter of fact, these valves always remain open. 

The lower compartment acts as a float, and remains 
constantly free from water. Water-tight tubes opening on 
the foot-bridge, and |)roYided with fixed ladders in wrought 
iron, give access at all times to the upper compartment. 

By means of the spontaneous action of the ballast, with 
a variation of water level in the basin attaining to i"',3o, 
and in exceptional circumstances i"',/ir>, according to 
the tides, the actual weight of the gate with its ballast, is 
maintained at between i o and 1 9 tons. 

Mmmble friction rollers, — Each {fate has nevertheless 



I.O(:K-(i\TKS ( 



■SAI\T-N\Z UUK. 



Iicon fiirnisticil with twn rollers, whii-li travel on i-irciilar 
iron wayit Id into ihe down-stream llooriDg. 

These rollers can be taken up if necessary. They are 
set in a movable i'rame, inside the gate, reaching aliovc 
ihe second cross-piece, reckoning from tlie top. On this 
cross-piece Is fi\ed a jack-screw, by means of whicli the 
frame and roller ran be taken up al llie same lime. 

To prevent the entrance of the water, the vertical mip- 
porls of the frame pass through the lower and fourth 
cros»~piece by the medium of a stuHing-bon, and for 
greater security, each frame is enclosed in a perfectly wa- 
ter-tight shaft. For the rest, the tubes that pass through 
the ballast chest, are amply sufficient to give access to 
pvery part of the float . if it were rmjuiredto isolate them 
ilefinitively. 

Maximum strnm an die trow, — The calculations of re- 
!tislaitce have been made by the method of M. Lavuinne, 
enjjineer, whose theoretical researches corroborate in a 
remarkable manner the results of experimcnls previously 
made at Havre bv M. Chevallier. inspector general. The 
Fundilion imposed was that, even in the pnrts suHtaining 
the greatest weight, the iron should only be subjected In 
a strain of !t kilogrammes per square millimetre of section , 
In place of fi kilogrammes, the figure gi-nerally admitted 
in French constructions of iron. 

Effects of oj^fJmion. — The injurious effects of oiydalion 
have been provided against, and upon Ibis head, it may 
be remarked that the galen can be fre<|tiently painted in 
the whole of the interior and on the plane nurfare. Ami 
ill aildiliori to this drrnrnvlanri', i-nn^nenfi- ha.* >h(Twn rtl 
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Sainl-Nazaire, that the iron submerged in the basin is rap- 
idly covered with a compact layer of shellfish with cal- 
careous coverings, named cravants. This casing has nearly 
the same preservative effect as a coat of paint. 

Cost price. — The gates were contracted for by the 
Ocean Society of Forges and Workshops, for q 66,000 fr. 
in round figures. 

These gates were planned and executed in 1871, under 
the successive direction of MM. Ghatoney and Lefernb, 
engineers in chief, and M. Rkvol, engineer '«des Ponts et 
Chauss«?es». 

SC»UARY COMPARISON BRT^ REN THE TWO SYSTEMS. 

In the course of this notice it has been remarked that, 
while the wooden gates constructed in i858, were re- 
quired to support a maxinmm pressure of 6 metres of 
water, the iron gates, owing to circumstances, were sub- 
jected to a pressure of 10 metres, and that the results of 
this test have been satisfactory. 

The cost price of each of the wooden leaves of the gates 
was 110,000 francs. The leaf of the same dimensions in 
iron, cost is3,ooo francs. 

This cannot be considered a very significant difference, 
regard being had to the constantly increasing price of tim- 
ber of large dimensions. 

If, in default of direct observations, the relative dura- 
bility of vessels of iron and wood be taken into considera- 
tion , it may be inferred that, for sea-gates, as a question of 
economy, the preference must be awarded to iron, rather, 
than to wood, as the material of construction. 



BASm AT IHE PORT OF BORDEAUX. 



Ilrawiiiga Oil acalfe varying from u"',oikij Ioo^.o-j. 

The basin at Bordemix was established with the view 
of aiigiuenling the cajiatitj of the port, which had be- 
come Insufficient to meet the requirements of the ron- 
stant)]' inerea^iing number of vessels. 

This basm will rover a surfarc of nearly ten hertares, 
and Mill hi' surrounded with vertical quay walls, giving a 
devi?loj)tncnl of i ,800 metres, [n the space allotted to the 
Transatlantic steamers, the depth of water will be 8 me- 
tres, and 7"',5o in the other parts. The whole length of the 
banks will be widened by platforms, having a superficial 
extent of twelve hectares, I'cir landing and ware-housing 
goods. The basin will be connected with the Garonne by 
means of two locks of different dimensions, placed close 
logelher. The largest, intended for paddl<i-wheel steam- 
ers, will he 33 metres in breadth and iSa metres in 
length between the gates. The second will be i i metres 
in breadth and i3fi metres in length, dimensions suffi- 
ciently ample for screw-steamers and sailing vessels. An 
' intermediate pair of gates will divide the chamber into 
two; one of 60 metres, the other of 76 metres. 

Two swing-bridges will be placed <il the extremities of 
(he locks, for the ronlinuance of the trafllc during the 
P'lssagi' id' vsscls. 
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The basin will be supplied directly from the Garonne, 
every time that the level of the tide is higher than that of 
the water inside. Generally speaking this is the case, but 
in rare instances, when several unusually low tides suc- 
ceed each other, the normal level of the basin will be 
kept up by pumping water into a reser\oir. 

These works will b(* made complete by the construc- 
tion of a graving dock capable of admitting the largest 
steamers that enter the port of Bordeaux. 

This undertaking, commenced in 1869, was delayed 
by the war, but resumed with energy in 187^, and is 
now sufficiently advanced to justify the expectation that it 
will be fmished in the course of 1877. 

These works have given occasion for the most extensive 
application of the system of grooved or perforated blocks 
for foundations. Various circumstances and loc^l conditions 
had previously necessitated their employment in locks. 

Foundation of the locks. — The ground on which these 
works are constructed, consists of an argillaceous mud. 
which covers, to a depth of 19 or 1 A metres, and an 
aqueous stratum of sand and gravel 3 or /i metres in 
thickness, this latter overlaying a soft mud. It was ascer- 
tained by soundings, that the underground water flowed 
towards the Garonne, at the same time exercising a consi- 
derable upward pressure upon the superincumbent strata. 

By reason of (he level assigned to the lock-sills, the 
stone-work was obliged to be laid entirely upon the bank 
ol' sand. The id<»a of excavaiing the soft mud to a depth 
of nearly 1 '\ metres, could not be entertained on account 
of the underlying} watery strata; it was therefore derided 
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to |iroceed by means iif large blocks of masonry, and ibus 
cause ihe stone-work lo descend by its own weight to tbe 
gravel, in order to form ibr sid*'-walls. These blorks oc- 
cupied the perimeter of a rertangli? aoTi metres in tenf'th 
l»y 57 metres in breadth. 

For these masses of stone-work, a uniform breadth of 
6 metres was adopted; the ienjjth varied from 16 to 
35 metres, with a jjeneral thickness of 9 metres. Lpon the 
lower half of thi^ wall. scparalin)<; the two locks, addi- 
tional blocks have been laid, g metres in breadth, i.^ in 
length and t) in depth. All these blocks are o^.bo apart, 
and are pierced by one or more vertical hcdes or shafts. 

A block was sunk, in the lirst place, to only half its 
proper or intended depth. When it had completely set, 
the soil was removed from the shafts, and the block des- 
cended until the up|)er part was level with the surface. 
The operation was repeated, and the rest of the masonrv 
was made to descend in the same manner. 

This part of the work was accomplished without the aid 
of machinery, so long as the excavation remained dry. But 
when a depth was reached which left a dislance of only 
3 mi'li'cs from the aqueous strata , the water forced Its way. 
and it became necessary to employ n centrifugal pump 
in each of the shafls. This pump was moved by a portable 
engine, which at the same time worked the winches used 
to raise the excavated earth. The sinkin); was thus con- 
tinued without difficulty, by workmen at the bottom of 
the shaft, and was stopped when the block had penetrated 
o".8(» into the grnvellv sand. 

The operalions did not nlwnvs proceed willi pnrlect 
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regularity, and frequently the blocks inclined more or less 
to one side, in spite of the props employed to steady 
them. In general however, it was found possible to read- 
just them, either by skilful management of the excava- 
tions, or by a lateral pressure, effected by banking up 
the block on the side to which it inclined. Sometimes this 
ditliculty could not be surmounted during the descent of 
the block, but was remedied afterwards by careful dig- 
ging. These irregularities are explained by the want of 
homogeneity in the nature of the ground; the numerous 
obstacles encountered, such as trunks of trees, etc., and 
the cavities caused by pumping. 

The various difliculties being overcome, all the blocks 
were established in a perpendicular position, with some 
slight deviations in the ground plan, which were corrected 
while finishing the facings. 

When the sinking of the blocks was completed, the 
shafts were filled in with beton , for the part below water, 
and with stone-work for the upper portion. 

The intervening spaces between the blocks were also 
filled in with masonry, and the whole constituted an en- 
closure, the interior of which was excavated by the aid of 
pumps, down to the level of the gravel upon which the 
invert was constructed dry, at 7 metres below low water 
mark. The work was aft(M*wards proceeded with in the 
usual manner. At the present time it has attained a height 
of li metres above low water mark , and is perfectly water- 
tight in every part. 

Fouiuhiiom of qwti/ walla. — The successful result of 
the system (Muployed in laying the foundations of the 
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ijncourajjetl lis applkation to the quay walls of the 
basin, tlie conslruction of which had hei;n commenreit on 
|)ilps. This wall is huill. for Iwo-tliirds of its extent, on a 
succession of semi-circular arches of 8 metres span, rest- 
ing OD hlocts. of which the horizontal section is a square 
«f 3 metres, and which are sunk i metre into the jjra- 
"vel. The arches are filled in with solid slone-work without 
uiortar. intended to support the earth hehind the- wall. 

FoumlalioH of fp'tiiinff Soch. — In the construction of 
the locks an attempt was made [o sink the foundation 
hlocks by means of dredging, hut in consequence of the 
precarious nature uf the );rouud, it was found necessary 
to ahaudon the iilea. In respect to the j^raving do^k. tlie 
same dilhcullies did not present themselves, and the 
foundations were laid by the aid of a flredging-machine. 
The Murks were laid more regularly, and with a smaller 
expenditure nf tirue and money, than by the use of 
pumps. 

The whole of the works of the basin and {rraving dock, 
including lock, and swing- bridges, caisson, uiud-dredge, 
sluices, and hydraulic machinery, are estimated to cost 
ihshoo.oon francs, of which 11,000,000 francs are 
actually expended. 

The original plan was drawn iqi by M. Jolv (Henry), 
at that linif engineer under MM. Oboeling and I'aiiiiei 
engineers in chief. The actual plans have been made, 
and the works executed, under the direction of M. Joly 
(Henry), engineer in chief, and MM. uk La RocaK-Touit, 
Bi^GNAULii find IJouTAPi. n'M'di'nl engineers. 




XXIX 

PORT OF BAYONNE. 

COINSTRUCTION OF OPEN JETTIES. 



Drawings on scales varying from o",o oo4 lo o",5o. 

The port of Bayonne is formed by the confluence of the 
Adour and the Nive, which discharge themselves into the 
Gulf of Gascogne at a distance of 7 kilometres from their 
junction. Between Bayonne and the sea, the river has an 
average breadth of nSo metres. The channel is welt shel- 
tered , and there is a depth of from & to 1 metres of 
water at low tide, on a bottom of sand and mud. With 
these advantages, it would be a place of great importance 
to navigation, were it not for a bank of gravel, which blocks 
the entrance of the port. 

This bar is in the form of a half circle, which joins 
the points of sand and gravel forming the embouchure of 
the river, and envelops them in a sort of enclosure, against 
which the swell of the gulf dashes freely and breaks with 
violence. 

The waves communicate to the component parts of the 
beach an alternate but oblique movement, which results 
in deposits of sand or gravel on the south side; the pre- 
vailin{; winds being from the north. When these substances 
reach th(» month of tho Adour, thev fall into the channel. 
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from which tho ebh drives thoni towards the sea. The 
sand is Lrantiporlofi Id a distaDre, bal. Ihe ^nivel sto|i»t bI 
Ibo poial wht-re the current, weakened by amlnct with 
the swell sctlin); inwanis iram the sea, no lonj^<^r |ios- 
M>sst!s Iho force nocetisary In hear il awiiy. But ihi' bar 
I'omied by these accutuulationt>, is attarked by the waves 
nhicJi ram" off the n[t[)er deposits and throw iheni back 
upon one of llie banks, according to the direction of the 
wind. In short, there exists a eontinual movement of sand 
and fjra^el.eniarfjinfT Ihe bar at the eitpense uflhe beach, 
and vice versa. The waters of the Adour. confined between 
lliG jelties. cross tlie bar, nttackinj; and hollowing il in a 
tlirectinn which varies according to cimimMtances. The 
fnrrow llius formed, constitutes the passaj^e.The position 
and dimensions of this pas.sa);e vary with the stale of the 
sea and the volume of the river. With abundance of 
water and a smooth sea, the f;ravel formin|; the bar is 
driven out and Ihe passage commences (o eniarj^e itself: 
hut with u small supply of water and a rough sea, the gravel 
is thrown back towards the river and the accumulalion.s 
recoiauience. 

With a view of confining and directing the current of 
(he river, two dikes had been constructed in masonry, in 
the year i^An, with a space of 3on metres between them. 
From fjfio to iS3>>,lht'se works were extended in such 
« manner as to narrow the bed of the river, in order to 
ensure (lie effect of Ihe current upon the stoppage in the 
channel, and low jellies on piiini;, wilh stone packing, wi're 
mldfid and made flush with the level of high neap-lide. 
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length, and projected 3oo metres beyond that of the 
north. The breadth of the river at the extremity of the 
northern jetty was 160 metres. The depth of water on the 
bar remained as before, and the only success achieved, 
was in throwing the bsmk and bar further back towards 
the sea , a distance nearfy equivalent to the length of the 
solid jetties. The depth below the lowest tides varied be- 
tween i",5o and 9 metres in ordinary circumstances: but 
with a succession of westerly gales and a scanty supply of 
water in the Adour, it diminished to less than 1 metre, 
while with a considerable volume of water, it was 3 me- 
tres at the most. To this depth must be added about 
9. ",9 at neap-tide and 3°',9 at ordinary spring-tide. 
However, the extension of the southern jetty beyond that 
of the north, had the effect of avoiding those great devia- 
tions towards the south, which rendered the entrance so 
dangerous, and the ensuing changes shifted the passage 
very slightly from a W. N. W. direction, which is consi- 
dered by mariners the safest and most convenient. 

In i85/i the surveys were resumed, and M. Daguenet, 
engineer of the port, pro[)osed to apply the system of open 
jetties, suggested by M. Alfan de Kiv(?ira, director gen- 
eral of public works in the kingdom of Naples, as a means 
of improving the embouchures of rivers obstructed by 
sand. 

A decree of the 99*** May i858, lixed the extent of the 
works to be executed, and allotted the sum of i ,(590,000 fr. 
to the improvement of the mouth of the Adour. These 
works were to comprise : on the south, 900 metres of 
solid jetty or pier, and 900 metres of open jetty: and on 
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llje nni'lh. 6 (iG metres uf upeii Jetly.The old tinil nevt jet- 
ties were besides to bo covered with a llnoring'". 

These works were DnUhed by ibe end of 1861, includ- 
ing an extension of the open jeUy, 100 metres on each 
bank, which had been authorized by a ministerial deci- 
sion of the 8"' June of the same year. The open jetties con- 
sisted of a row of piles, 3o centimetres in diameter and 
60 centimetres apart, bound by horizontal tics and stone 
packing, originally h metres below the lowest tide. But 
afterwards, in order to j^ive more stability to the piling, 
thi(i was increased In 9 metres below the lowest tide, 
while behind, two rows of piles farlhcr apart, supported 
'the principal row. 

The sohd jetty dilfers only in (be far! that the stone 
packing in natural blocks is raised to Ihe level of high 
neap-tide, both descriptions of jelly being brought to the 
same level. From their completion, the works, especially 
the service-bridge surmounting the jetties, lia<l to encoun- 
ter the violent storius of each winter, causing damages 
that were ca|)able of being repaired. But during the winter 
of i864-i865,a new destructive agency disclosed itself 
in alarming proportions. It was perceived that the piles of 
the open jetties were attacked by the teredo worm, in 
the lower part, commencing from the level of ebb-tide. 
In a comparatively short time Ihe ravages of this insect assu- 
med such magnitude , that it became necessary to abandon 
1 1 5 metres of the open jetty at the extremity of the south- 
ern side , and 1 3 2 metres at the end of the northen side. 
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Opefi irof I jetties. — In 1866, the engineer of the 
port, M. Prompt, undertook the survey for the recons- 
truction of the jetties destroyed by the teredo, and pro- 
posed to replace the timber piling by cast iron tubes filled 
in with beton, and these plans were pursued with the 
assistance of the firm of Gail and Fives-Lille in participa- 
tion. A decree of the ay**' November 1868 authorised the 
reconstruction of the jetties on this system. 

The plan comprises twenty one tubes or pillars on the 
south, and twenty four on the north side. These tubes are 
hollow cast iron cylinders, 9 metres in diameter, and are 
sunk into the bottom, 7".3o below the lowest tides, by 
means of compressed air. Towards the extremity of the' 
jetty, and with a view of possible undermining or washing 
away of the soil, the sinking was carried to a depth of 
I i",8o. The pillars , 5 metres apart from centre to centre, 
are filled with beton and surmounted by a cast iron capital 
with two flanges pierced with holes, in which are bolted 
the supports of the flooring or iron foot-bridge. The inter- 
vening spaces will be filled with stone packing, the upper 
plane of which will be regulated, following a slope of one 
centimetre per metre towards the sea , so that its level at 
the last pillar, may be 3 metres below the lowest tides. 
Two sets of double longitudinal horizontal ties, at diffe- 
rent heights, will extend from one pillar to another, and 
between these ties, wooden sluices were intended to slide 
at discretion. But experience does not appear to favour 
this plan , which would not resist the shocks of a heavy 
sea. Similarly to the old jetties, the tubes are made flush 
with the level of high neap-tides. 



At the f)i'eseiit duk' tiiix iLridtTEakiiifr i^ being uuIivoIt 
|iroccecle(l with, and tlie southern side iii iinished, with 
(he cxce|)tinB of the sluit-eK, which will only he placed 
when iheip necessity hhall be recogniaed. 

Pm» m stom flicking with tvooden Jooi-ltridge, — Some 
piirls of tile old open jetties, higher up than those in iron, 
will be preserved oil both banks, and piers are being es- 
tablished, la^.ao apart IVooi centre lo centre, formed of 
solid slonc packing covered with a mass of belon as deep 
a.s the ehh-tide will permit. These piers, which, at the 
level of average tides, h'ave as many spaces as solid parts, 
wiHefToctually replace ihfpUcs of the former jellies, whieli 
art^ disappearmg under Ihe action of the teredo and tlie 
waves. Barlow rads are let into the piers, and support the 
flooring of an American foot-bridge which serves as a plat- 
form for the materials. After the subsidence occasioned 
at first by the action of the floods and waves, these pters 
manifest great stability. 

\alttre of mnterinh. — The stone packing employed in 
the works of the bar, comes from the tjuarries of ophite on 
(he banks of the ^ive. The minimum weight of the stones 
is 5o kilogrammes, and the average weight loo kdo- 
grammes. 

The permani'nl flooring of lhi> iron foot-bridge will be 
in oak. 

That on llie Barlow rails and the piers, is in pine from 
the Landes, but will be replaced by a fracne bearing also 
an oak llcioring. 

Pile-di-iving carnage. — For setting and driving the 
lubes or pillars, a machine has been used called a clutriot 
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de fonfoge, or pile-drivin{j carriage, supplied by the firm 
of Gail and Fives-Lille, and of which the plan, elevation, 
and section are produced. * 

The elevation shows the carriage, supported on two pil- 
lars already driven, and in the act of setting the next one. 
The tubes intended to form this pillar are brought by trol- 
lies, raised by means of a winch surmounting the car- 
riage, and deposited temporarily on a platform above the 
place they are destined to occupy. On this platform are 
collected a su0icient number of tubes, so that the trunk 
of the pillar, put in position by the winch, reaches above 
the level of ebb-tide. As many tubes as possible are added, 
the guide rods are fixed, and an air-chamber is placed 
above all, and put in communication with the compress- 
ing machine established at the end of the fool-bridge. 
This machine is connected with the chamber, by a long 
cast iron pipe resting on the floor of the bridge , and the 
operation of sinking commences. Under the pressure of 
1 0,000 kilogrammes of pig-iron , which ballasts the cham- 
ber, the edge of the lower tube penetrates the soil to a depth 
which varies according to circumstances. Two men in the 
interior of the pillar, dig round the circumference and fill 
buckets which are raised and emptied by other men in the 
air-chamber. The pillar descends, and when it has attain- 
ed the depth previously fixed, it is filled in with beton 
in rapidly hardening cement mortar, to prevent the water 
penetrating, and then with Portland cement. If the pillar 
is not high enough in the first instance, the air-chamber 
is taken off and a sufficient number of tubes are added , 
and for this purpose tubes of different lengths are provided. 
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When the sinkin([ is finished, the air-chamber is re- 
placed by an upper tube forming a capital. On this capital 
are put together the iron girders , which form rails for the 
carriage, and by the aid of pulleys, attached to the pillars 
abeady driven, the carriage is advanced 5 metres (the 
space intervening between the pillars), in order to set 
the next pillar. 

If the operation is carried on in the natural soil, sand, 
or gravel, a pillar 8 metres in length can be driven in 
three days, filled in with beton in two days, and three 
more would suffice for placing the capital, and the gir- 
ders, and to advance the driving carriage; in all, eight 
days. But the circumstances are altered when the remains 
of the former jetty are encountered in the soil. Not only 
it is necessary to dig through stone-work of ophite, so hard 
that a chisel is necessary to cut into it, but the edge of the 
pillar is frequently stopped by rails, bolts, and old piles 
that are with difficulty got rid off, by cutting, breaking and 
chopping, 80 that, on the average, it has taken eighteen 
days to sink each pillar. 

Up to the present time, the cost has attained the sum of 
66o,i5o francs, and the expenditure necessary to com- 
plete the works will be 989,860 francs. To this sum 
must be added 600,000 francs, in order to substitute 
throughout iron or masonry in lieu of pine, for the re- 
construction of the service-bridges above the open jetties. 
The system of open jetties has already been the means of 
augmenting the depth of the channel, a result that"the 
solid jetties failed to accomplish. These last formed a per- 
manent sill, and caused both beach and bar to advance 
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low.inls Ibe open sea. Whereas, with the open jetties, the 
water forms numerous small lateral discharges, which pre- 
vent the sand from settling along the jetty, while the vo- 
lume of water is confined and directed against the bar. 
This latter is not displaced, and the augmentation of depth 
already obtained, is i metre, and will be still more consi- 
derable, when the influence of the eighteen pillars which 
remain to be placed in position , on the northern side, adds 
to the rapidity of the current. 

The works of the open jetties were planned and exe- 
cuted under the direction of MM. Flohcadd db Fodbgroy, 
PAiRiERand Daguenet, engineers in chief, by MM. Dagoenet, 
Pkompt and Stobcklin , resident engineers. The direction of 
the open jetties was confided to M. Ulysse Palaa, principal 
conducteur, till the i** July i863. The firm of Cail and 
FivES-LiLLE, with M. Prompt, engineer, has taken an ac- 
tive part in the preparation of the plans of the iron jet- 
ties. This firm supplied the material for setting and fixing 
the pillars till the early part of 1879, since which period, 
the superintendence of the works has been exclusively 
confided to M. Ramonbordes, conducteur. 



PORT OF saiivt-ji:an-de-luz. 

EMBAftKMErtT AT SOCOA \Mi MOT.E AT TIIR ARTHA. 



[Irawinjp on scnli's i.nryiiij; Irain <•'",'• firm lu •■"'.••o. 

The |iorl of Snint-Jean-de-Lu;! ronsists of ti bay or 
natural roadslead, and two small stranding portR; that of 
Sainl-Jnan-dc-Liiz is formed by Ihr bed of Ihe Nivellf. 
while that of Socoa was rroated at the entranre of the bav 
on the western side, by the construction of sfivoml dikes, 
:in'anged so as to shelter it from ibf waves. 

The h»y forms a kind of half-circle, open at the north 
ih" west; its entrance between the points of Socoa (west) 
and Suinte-Barbe (east), is i,5oo metres, and its width 
as far as Ihe embouchure of the ISivelle, is i,i oo metres. 

The depth of water is 1 3 metres below the lowest tide, 
and for a superficies of 70 heflares, the depth exceeds 
ti niPtres, while for no hectares it is more than 10 metres. 
Winds from the north and west made the bay very rough, 
but two stone dikes are in course of construction In 
shelter it, one of which, commencing at Socoa. will bo 
335 metres in length, and the other, isolated in the sea, 
and established on the Ariha rock, will be from 900 to 
aSo metres in length. Those two works will have a passage 
between them 3oo metres in Icnjjth, and their compt«iion 
will rctiult not only in cniistituling Saint-Jean-de-Luz a 
port of refuge, but in saving the town from the di'slruc- 
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lion with which it is ihrealened, hv the continuous eii- 
croncliments of the sea. An embankment, called threshold 
of security, a section of which is given, and which is only 
a bank of sand faced , is the sole protection at the present 
moment ^*-. 

In the roadstead and port of Socoa, the water rises 
3",3o at neap, and A'",3o at spring-tides, above the level 
of the lowest ebb. But in the interior of the port of Saint- 
Jean-de-Luz, the difference is not so great, and the water 
only rises 3", 60 above its level at high spring-tides. 

A decree of the 7*'' October i863 ordered the construc- 
tion of the western dike, and authorised an expenditure 
of 9 millions of francs to complete it for a length of 
960 metres. 

A decree of the 9 0^' May 1 867 authorised the additional 
works necessary for closing the roadstead, the estimate of 
which is &,5oo,ooo francs, comprising: the extension of 
the Socoa dike by a supplementary length of 76 metres, 
and the construction of a breakwater on the Artha rock, 
9 00 to 960 metres in length; the passage between the 
two dikes, to be 3 00 metres at low water of the equinoc- 
tial spring-tide. These works are being proceeded with, and 
985 metres of the Socoa dike are finished; the founda- 
tions are laid for the remaining length, and natural and 
artificial blocks are being sunk for the mole of the Artha. 

The Socoa dike was executed first, in order to shelter 
the anchorage previously existing Jn which there is a depth 
of 6 metres at low water. 

^'^ In conseqnonrc of some modificalions lh«>se fij;iiro8 iliffor from lliosn of 
llic plan of 187^. 
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^iiiiji> tiriU', iiuliij'iil and iirlilii^ini blotkii 
i lo roriii lUe fuiiiKlaliuii uf the Arllia iiioIr. 



The 



K-lit^s 



I lie manner ui whicb tiiese mocks are sunk , Hppru 
'<i> nearly as possibte lo the section ly\tc shown in l\n: 
flniHin^s. \Vh(!u the foundation reaclicti the level of lutv 
watcT, the surface is laid with natural blocks, und sloiu's 
arc sol in the spacer. Then, taking,' advantajje of tho ebb- 
tidv, successive cuurses of belua and rubble are laid over 
ail. Tlic stones are set edge-wise in the heton , so as to bind 
the following layer. But the coainienccraent of the upper 
part of Ihe stone-work is deferred, till the foundation has 
home the test of two winters, and the shocks of heavy seas 
and violf^nl gales, to such tin eilent that the subsidence 
of the blocks may be considered definitive. 

* The calcareous strata of an adj.-icent hill supply the 
natural blocks, Ihe maximum u'ei{;bt of which is fixed at 
■i.ooo kilngrammos, and the minimum at 5uo. From the 
same hill aic oblaiued , the stone for (he facings and body 
of Ihe dike, and tbesloue broken to a sizeof o'", lu for the 
heton. The sand is taken from the beurh. 

The cement employed for the arlitlcial blocks is from 
Portland in Kugland, or from Boulogiie-sur-Mcr. For the 
wail-work oxceuted during low tide, a rapidly hardening 
ccDienl is used, which comes from the Gurrutchaga works . 
/iimaya in Spain, or Cahors in France. 

The concave form given lo the facing of the side exposed 
lu the aclion of the sea, uiodifjes [he shocks, and dimi- 
nishes the pressure against the dike, by causing the wave 
to glide upwards, till it aci|uires a vortical direction, 
>thiii it falls back upon ilsclf. Itul in ihe return, ihcrc 



198 POUT OF SA1.NT-JKA.\-DK-LDZ. 

follows an aclion which has a tendency to displace the 
foundation blocks at the foot of the wall, and ibe 
knowledge of this fact may suggest the eipediency of 
constructing the wall of the Artha mole without the con- 
cavity, and with a slight diminution. 

A temporary railway has been established at the foot 
of the hill, along the front of the quarry. It crosses the 
Ounxin on a wooden bridge formed with American lattice 
girders. By means of an embankment, it then traverses the 
swampy plain on the left bank, and passing by the yard 
where the artificial blocks are made, and between the 
houses of Socoa and the parapet of the quay wall ,' it goes 
to the entrance of the stranding port, by the aid of a via- 
duct with stone piei*s and wooden frame in American trellis 
girders. Afterwards, it is carried along the old embank- 
ment of Socoa, and is extended along the new dike in pro* 
portion to the requirements of the work. 

Where it quits the plain of the Ounxin, and near the 
stone bridge on the Socoa road, a branch line is esta- 
blished, which goes to the sand down, and supplies the 
works with sand. At the entrance to the port of Socoa, two 
more branches are formed, one of which follows the 
southern embankment of the stranding port, while the 
other terminates at the top of the inclined plane arranged 
to facilitate the embarkation of the artificial blocks, which 
will be spoken of shortly. This railway is served by two 
locomotive engines of 35 and 60 horse power, also with 
the number of trucks necessary for the conveyance of the 
various materials. Another branch crosses the timber yard. 
A weighing machine is established under the principal line, 
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'fteigh tlu; U'uck^ lotiiled uilli piaturul liliicks. ijuarry. 
.111(1 broken slone, llie I'onlraclor for thi-se innleriiilR liciiif; 
paid a«-ortIing lo the weiffhl. 

This railway serves the (|unrry and sand down, wheiin' 
il lakes iMiiterials lo ihe spot, cither fur the rahrieatiun ol' 
the blocks or for the wuil masonry. The southern embank- 
inenl branch [termils the trucks loaded with blocks, lo 
come under a lived crane carrying a movable winch, 
which eiubark;s them in the [KinLooiis. By the aid of n 
Meam-crane, vessels bringinif cement can unload, and the 
barrels and sacks of cement are conveyed bv Ihe railway . 
cither lo the storehouses alonfj the line, or to llif r-hed 
of the Rreat work yard. 

I;nslly, the raiUvay facililates the prupulsion of the greal 
"tone trucks by ihe locomotives, and Ihe arlilicial blocks 
are thus taken lo tbi; siirninil of the inclined plane thiil 
coDvcys them lo the jioutoon. 

Work yards. — ■ The belnn blocks are first made in 
nooden boxes or moulds, in the port itself, and tlie mor- 
tar an ihe embankments round the port, or on a wooden 
scafToldinfi, with a screw worked bv a portable engine. 
When mixed with the broken stone, by the aid of rakes 
and shovels, the heton is thrown into a wooden trough 
from which it is run Into a mould, and compressed by 
stampers. Thf! blocks are made during low water, and are 
entirely finished during one tide. The pontoons come and 
hook them on . for Ihe purpose* of .lulimersion , but can only 
take one block each, during a tide, and the yard will nol 
I'OUlaiil more than eighty blocks. To communicate greater 



aclivity to Uie works, a second and more extensive work- 
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yard has been established, capable of containing live hun- 
dred blocks above the tide mark. The yard is connected 
with the port of Socoa by an extension o.f the railway 
which crosses it, and by the inclined plane. Near one 
end of this work yard is a shed, surmounting a ter- 
race, under which is established a storehouse for the ce- 
ment. This building is supplied by a branch line of rail- 
way which brings the cement, sand, and broken stone, for 
mixing the beton. The terrace under the shed is at the 
necessary height above the moulds, and allows the beton 
to be brought in trollies along the iron rails resting on the 
blocks of beton already made. 

Cranes. — A movable hand-crane with a sweep of 
G metres , is used at the quarry, to load the blocks on the 
trucks. On the northern embankment a steam -crane 
(Chretien's system) is established, which discharges with 
great rapidity the vessels bringing cement, and is also em- 
ployed to lift the natural blocks from the trucks, on to the 
pontoons employed to sink them. A wooden crane, draw- 
ings of which are produced, serves to raise the blocks in 
the great work yard and to convey them, travelling on 
Barlow rails, as far as the stone trucks made expressly to 
receive them, and they are then propelled by a locomo- 
tive up to the top of the inclined plane. This crane carries 
at each of its four corners a jack-screw, by the aid of 
which the blocks arc raised. These jack-screws are moved 
by levers acting on a lantern-wheel which carries two rat- 
chets, one of the faces of which is vertical, the other 
rounded, so that the lever acts with an alternate motion, 
without obliging the men to leave the top of the block. 
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Inclined plane. — Arrived al the top of the inulined 
[ilane, the truck carrying the block, is liooked on to a cable 
which forms the running end of a tackle with six sheaves, 
placed vertically in a frame i5 metres in height. The mo- 
vable pulley carries a counter-poise, which rises as the truck 
descends the inclined plane. The counter-poise causes the. 
empty truck to ascend, as soon the pontoon has received the 
block. In the descent, the difference between the traction 
strain and the resistance of the counter-poise, is regu- 
lated by a screw brake acting on a cast iron drum, round 
which the cable winds. The inclined plnnc is go metres in 
length, and Its slope varies from 35 4o So millimetres per 
metre, so as to equalise the traction strain exercised by 
the block in its descent, whatever mny be the lightening 
elTect produced by its gradual immersiou in the water. 

NavtU material. — Two pontoons, connected by side- 
beams, are generally employed for sinking the blocks (sec 
drawings). A space of 3 metres is left between them, and 
tliey are connected by strong balks of timber, to which 
the block is suspended by a hook with a trigger, details of 
which are given in the drawings. 

But when it is a question of placing the blocks at Ihe 
foot of the wall, in order to approach it with greater faci- 
lity, a large ponluon is enqiluyed, which carries the block 
at one end. and is ballasted at tiie other, In such n manner 
as to preserve the Ime of flotation, when the pontoon is 
loaded. 

For sinking the natur<il blocks, bridged boats weru 
used, and the blocks were placed on the bridge, which 
inclines suOiciniillv frnm I'arli side of ibe liuigiludinal 
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axis of ihc boat, and is retained there by the doors, which 
are lowered when the boat arrives at its destination. 

At the present time, a boat completely bridged is em- 
ployed, in the centre of which is an opening 5 metres by 
a metres. The bottom of this aperture is formed of two 
gratings in Barlow rails, placed on two horizontal axes. 
The natural blocks, resting on the gratings, are plunged 
into the water daring the voyage, and on their arrival at 
the place of sinking, the fastenings are let go, the gra- 
tings turn on their axes, and the load is immediately 
submerged. 

Two steam launches, respectively i3'",ao and i8",8o 
in length, *j"',75 and ti metres in breadth in the middle, 
tow the pontoons, loaded with the blocks, to the spot 
where the they are to be sunk. The first steamer has an 
engine of 6, the second, one of i a horse power. 

The way to the place for sinking either the natural or 
artificial blocks, is indicated by beacons placed along the 
coast. 

Artificial blocks. — The cubic measurement of all the 
blocks is rjo cubic metres, length 4 metres, breadth 
•i"',5o and depth a metres. 'Those made in the port, are 
in beton, and are composed of a of stones and i of mor- 
tar; the mortar consists of one part in volume of Portland 
cement and a {- of sand. 

In the great work-yard, along the princi{)al line of 
railway, blocks of rubble masonry have been constructed 
with mortar of Portland cement, in which the volume of 
sand was increased to 3. An attempt has even been made 
to construct so?no blocks with 3 -J- of sand. The blocks of 
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^m port am sunk ut the (;\|iiralion of Ivtu inundis, hut 
[lie extent of the great yai'd allows Iheni to be left to dry 
for a longer space of time, and that is ivhy the proportion 
of sand lias been increased. In forming the block, two 
lies of iron wire are embedded therein, and connected at 
tho lower part by a piece of "ood. in such !i manner 
that a solidarity is inipartt^d to the wholn bloi-k from the 
two points of sui'pension. The upper ends are fitted with 
rings, which hook on to the i;laws at the end of ihe 
jack-screws of the crane in the j[reat yard, or to the pon- 
toon hooks.' As a measure of precaution . the blocks arc 
generally secured by one or two iron chains, ihe ends of 
which arc fastened to the pontoons. 

Tbe engineers that drew ihe plans and, up to the pre- 
sent time, have directed the execution of the works, are : 

MM. Floecadd de Fourchov. Paibieii and Dagdsnbt, en- 
gineers in chief; 

MM. D*(itnsET, Phompt, Stoecki.in and Andd^, resi- 
dent engineers. 

Amongst the conducteurs Ihat have seconded the engi- 
neers, ought to be mentioned: M. Licheho, principal 
tunducteur till the i*' March iS^a , and M. Miuon. con- 
mbrigadi. since that date. 



X\XI 

PORT OF MARSEILLE. 

1. EXTENSION OF BASINS, 
'i. GRAVING DOCKS. 
3. BRIDGE, ELTUKR DRAW-BRIDGE OR SWING-BRIDGE AT DISCRETION. 



Drawings on scales varyin^j from o^.o ooi lo o"',o5. 
A model on a scale of u"\o 095. 



i . EXTENSION OF BASINS. 

The port of Marseille, which in 1 8&/i only possessed its 
ohl natural harbour, with a superficies of 29 hectares and 
9,700 metres of quay, comprises, at the present time, a 
series of exterior basins all reclaimed from the sea , and 
presenting a surface of water perfectly sheltered, of 
i36 hectares, a development of quays of 19,600 metres, 
8,5oo of which can be utilised for the purposes of loading 
and discharging cargo. Around the basins, vast warehouses 
have been erected, capable of receiving iSo^ooo tons of 
goods. Large spaces of ground, adjacent to the basins, 
augment the importance of the warehouses, and lastly, five 
graviiig docks afford all necessary facilities for the exami- 
nation and repair of vessels of every class. One of these 
docks, iAi™,5o in length, is under certain conditions 
adequate to the reception of (he largest vessels, and the 
Great Eastern, 900 metres in length, could enter the 
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|)Ort without inconvcnieiicp. Twenly thousand vessels, ol' 
5,000,000 tons nipasuremenl, enter and leave the port 
of Marseille during ihe course of the year. 

At the completion of the works now in course of con- 
struction, and which will he finished in five years, the 
total development of the quays will attain a length of 
ly.aoo metres, iq,5oo of which will be available for 
llie operations of loading and discharging cargo. 

The depth of water varies in the different basins. In 
the old basin, it is fropi 6 to 7 metres below low tides, 
while the new basins have, a few places excepted, a mi- 
nimuni depth of 7 metres, and for an extent of more 
than 3o hectares, the depth exceeds 9 metres. Along the 
exterior dike, of which the total length at the present day 
is 3,070 metres, the depth of water ranges successively 
from 11 to i5 and 20 metres. 

There are three passages, with a depth of water as fol- 
lows. That of llie old port, y^^So below the lowest tides; 
the southern passage of the new basins, <) metres, and Ihe 
northern passage, 1 ■? metres. 

In the elaboration of the plans of the exterior bafiin.s, 
the prominent feature consists in the formation , along the 
shore, of a series of basins separated from each other by 
interior moles or causeways, with strong found 11 tion.s, 
protected on the side next the sea, by a dike parallel 
to the coast, and leaving, between it and the ends of 
the moles, a channel suiliciently large to permit of easy 
communication between all these basins. This plan allows 
the capacity of the port to be always proportioned to the 
increasing reqiiiremrnls of cnmmfrcp. by adding new 
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moles ill succession to those existing, and protecting them 
by a corresponding extension of the exterior dike. 

The sums expended upon the port of Marseille, not in- 
cluding the warehouses, amount since i8&/^, the period 
at which the new basins were commenced, to 5o millions, 
and this total will be augmented to 70 millions, after the 
completion of the works in course of construction.. 



SYSTEM OF CONSTRUCTION. 



Exterior dike. — The exterior dike of the port of Mar- 
seille is formed of natural and artificial blocks. 

Several important works of a similar nature were in 
existence at the time when this dike was projected. There 
were the breakwaters of Cherbourg in France, and Ply- 
mouth in England, and others were being actively carried 
on, viz. the mole of Algiers, and the breakwater of the 
Delaware, in the United States; and finally, the Holyhead 
breakwater, a work of great importance, was under con- 
sideration nearly at the same time as that of Marseille. 

The principal idea by which the projectors of the great 
breakwaters of Cherbourg, Plymouth, Holyhead and De- 
laware appear to have been actuated, is that of employ- 
ing simultaneously vast quantities of stone from the ad- 
jacent quarries, and leaving to the sea the care of forming 
the slope or talus intended to be permanent. 

In addition to this paramount idea, another suggested 
itself, viz. that of reserving the large material to cover the 
exterior tidus of the mass forming the main body of the 
work. Thus at Cherbourg, a course of large blocks, i"',fi5 
in average thickness, was deposited on the talus and sunk 
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tu nearly 5 metres belou the lowest water mark, beyon<) 
which limit, in that locality, the powerful action of the 
waves does not extend. 

Nevertheless, in the parts of the breakwater most ex- 
posed to the action of the waves, and in those that it im- 
ports particularly to protect from injury, these blocks do 
not appear to afford sufficient security, and in their turn 
they are being covered by artiflcial blocks of ao cubic 
metres. 

Thus at Plymouth, the exterior talus is pitched with 
blocks 80 centimetres in thickness by i'^,so in length and 
1 metre in breadth, joined by Parker cement. 

At the Delaware, for the defence of the talus, blocks of 
4,000 to 5,000 kilogrammes are employed, and set regu- 
larly as bonders. 

A similar method prevails at Holyhead. 

The mole at Algiers is planned upon a system totally 
different. The projector believed it imperative to use only 
blocks of such dimensions as would preclude the possibility 
of displacement by the waves. And this appeared to him 
an idea well-founded, seeing that the action of the wave 
is in proportion to the surface struck, while the resistance 
of the block increases as its cube. The work was therefore 
accomplished by means of artificini blocks, lirst of 1 o and 
afterwards of 1 5 cubic metres. 

In the breakwaters of Cherbourg, Plymouth, Holy- 
head, and the Delaware, the exterior talus varied ac- 
cording to the position of the work, between ;") and 10 
for one, within thl? zone of action of the waves, an action 
which had an appreciable effect at nearly 5 metres below 
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the lowest tide, but experience has demonstrated thai ihe 
talus of the mole at Algiers preserves an inclination of 
about 1 -J for 1. 

The dike at Marseille has been constructed upon a 
system embodying the combined experience of Cher- 
bourg and Algiers. On the one hand, the idea of di- 
rectly opposing the powerful action of the waves by enor- 
mous blocks, artificially constructed, has been taken from 
the mole at Algiers, while on the other, the breakwater at 
Cherbourg suggested the employment of natural blocks of 
all dimensions, to constitute the main body of the work. 
The former serves as a facing to the latter, and both have 
been used simultaneously, in such a manner as not to 
leave the natural blocks exposed to the great force of the 
waves. As this force sensibly diminishes-, at a depth of 
5 metres below ebb-tides, the use of artificial blocks has 
been limited to 6 metres below that level. 

With the twofold view of solidity and economy, posi- 
tions have been assigned to the natural blo(^ks, according 
to their respective dimensions. This course has been ad- 
opted in preference to the plan followed in the'construction 
of the works already mentioned, in which the stone was 
used indiscriminately as it came from the quarry. From 
considerations of economy, the small materials have not 
been mixed with the large, in order to preserve the great- 
est possible void. With a view to solidity, the large blocks 
have been so disposed as to entirely surround the small 
ones. 

Experience has fully confirmed the rationale of these 
ideas. That part of the dike which protects the basin 
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of In Jdlietlo, was ccmimenced -i-j yenrs ago; and lliat 
uhirh shcilters the basin of the marine lerininii!< dales 
from ili years, while it is one yvnr since ihal rjf the Na- 
tional basin was CDinpletcd. Now all these parts of the 
dike are, at the jiresenl time, in an escellent stato of 
preservation. If then, at the inauguration of this system 
a 5 years ajjo, some reserve was necessary in expressing 
an opinion upon its cfliciency, and that the never failing 
test of time could alone pronounce a reliable verdict, upon 
its efficiency, this can no longer be the case to day. Time 
has satLsfae.tordy deraonslraled the excellence of this sys- 
tem, which cannot fail to be generally adopted by reason 
of its remarkable economy, 

lulertor moles. — The interior moles are formed by 
means of quay walls, which constitute the outer part, and 
are filled in with ordinary earth, brouj'bt to the enclosure 
thus prepared. 

Tlie quay walls rest on a sub-marine foundation of 
natural blocks, with an upper course of artificial ones. 
These are laid dry in perpends, wilh breaking joints, to a 
depth of 6 metres below the lowest (ides. In the works 
now constructing', ibis depth has been increased to 
~l metres. 

The system of artificial bhicks, superposed without 
mortar, is perfectly adapted to all works constructed upon 
ground of a precarious or moving nature, such as sub- 
marine walls, if recently built. 
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ground, 7^6 metres in length by 280 metres in width, 
at the east of the National basin and parallel to it. 

They comprise at the present time : 

1 . A basin for repairing vessels while afloat , forming 
also an outer basin, 36o metres in length by 160 metres 
in width , and with a depth of water of 8 metres. 

ti. Four dry or graving docks in masonry, complete!} 
terminated, and two new ones commenced. 

3. A canal, a 8 metres in width by 99 in length and 
8 metres in depth , connects the repairing basin with the 
National basin. 

U. The ground necessary for the establishment .of work 
shops, and for increasing the number of dry docks to 
eleven. 

Up to the present time those iinished are : 

N° 1, the largest dock, i/ii'",5o, in length with a depth 
of water of 7 metres below ebb-tides. 

N"" 9 , 110 metres in length with 6 metres of water. 

N"* 3 and /(, 90 metres in length with 6 metres of 
water. 

The longitudinal gradient of these docks is o*,oi per 
metre. 

AU the works of the repairing docks have been exe- 
cuted dry, by the aid of a coflfer-dain in beton, 1,9 18 me- 
tres in length. This dam was established on a bottom of 
rock or hard clay, varying from to 1 1 metres.^ 

The gates which close these docks consist of an iron 
water-tight caisson which can be floated or grounded, 
without the assistance of pumps, by the simple process 
of regulating the quantity of wat(>r which server for ballast. 



^^^he machinery f^r puin|)in^' out consists of four sppa- 
rate steam engines, working four contrtfugal pumps which, 
when iu action tngelluT, are rapiiblo of ulevaling ten 
thousand cubic metres of water per hour, to a height of 

This power, much in excess of actual requirements, 
has heen estabhshed in view of an augmentation in the 
number of docks, which, as before stated, can be increased 
tn eleven. 

The entrance of these docks is 98 niplres in widtli, and 
is crossed by an iron sHing-hridj^e of one bay, ti^ metres 
in b-ngib by iB'^.gi in breadth, having a single line of 
railway, a road for vehicles and an outside fool-bridge for 
pedestrians. This bridge is nne of tho largest ever con- 
structed, of its kind. 

The weight of the movalih' part is 700 tons, and ihe 
rotation is effected upon two friction rollers and a central 
pivot, raised by a water pressure of -i-jo atinos|)heres. 

When working, the bridge is supported at its extremity 
by three forged iron rollers which permit expansion. At 
the end of the breech it hears on three conical wedges, 
worked simultaneously by a connecting bar; lastly, on a 
cross-beam resting on stone blocks. 

The opening of the bridge gives rise to three operations; 

I. Wedging up the end of the breech; a. raising the 
bridge till the supports at the extremity are completely 
disengaged: 3. rotation. These three operations require 
•J minutes TjS seconds. The closing of the bridge is eiTocted 
hy three operations, reversing those preceding, and is ac- 
romplished in 3 minutes. 
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Whatever may be the force of the wind, one man suf- 
fices to perform these manoeuvres, and the wind is siiOl- 
cienlly strong sometimes at Marseille, to delay the depar- 
ture of vessels. 

This bridge rests on stone-work, 9™,5o in diameter, 
founded oii hard clay, at a depth of 8"',3o below ebb- 
tides. 

The docks for the re|)air and inspection of vessels have 
cost 8,000,000 francs. 

3. BRIDGE,* EITHER DRAW-BRIDGE OR SWll^G-BRIDGE AT DISCRETION. 

This bridge is established on the passage of the Jo- 
liette, which is 2 i"',3o in breadth. It has a double action: 
one of rotation, as in most movable bridges; the other of 
raising the flap (vol^e). This arrangement was judged 
expedient from the following considerations. 

The daily maritime circulation through la Jolielte pas- 
sage consists of about ten masted vessels and forty barges 
or lighters. The complete rotation of the bridge is re- 
quired for the vessels, but the passage of the barges is 
effected by partially raising it, which is accomplished in 
less time than the rotation. By this double arrangement, 
much time is saved in the successive interruptions of the 
traOic on the bridge. The total diminution of time in the 
interruptions is h hours in a day of 1 hours work. 

The length of the iron bay of the bridge is /ii",09, 
and its breadth is 8 metres, comprising a line of rails, a 
carriage way, and two foot-ways. 

When the bridge is closed, it rests on fixed blocks 
placed in four points of its length, also on the tops of 
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ihc twu quays of ifai! passage, iioder the crosM-heaui and 
ilie second upright of l\\e breech. In this jtosilion, the 
friction rollers are se|tarale(i from thf crrcular rail, on 
which they lurn, by a spare of 3 cenlimelrp.s. 

The maiiffiuvres are accomplished by means of a water 
pressure of Sa atmospheres, effected in fhu accumulators 
of the Dock (Company. 

The water is introduced into a vertical hydraulic press, 
llie piston of which, placed a iillle out of the centre of 
j^ravity of the flooring, in relation to ihe breech, assists 
ill raising; iho bridge , and also serves as a pivot for its ro- 
taliun. 

When ihc pbton rises, Ihc bridge being raised, turns 
ruund in the horizontal direction , by the aid of the breech 
friction rollers, until these latterhavedescondedsulficiently 
lo bear upon ihe rail. From this inooient it is the hori- 
ionlal hinge of the flooring which forms the new sup|)urt, 
and detaches itself from the nearest blocks, as it had 
previously delached itself from the others. 

For ihe rotation, the rising of the pivot is arrested at 
■10 ceatiinetres. For raising the bridge completely, it can 
he elevated Id 90 centimetres. The gradientof the flooring ■ 
is then 68 millimetres per metre, and the clear height be- 
Iwcen the average water level and the boltoni of the flap 
uf fly (voJ^e) is /i'°,6o at its extremity, while ihe height 
ut the lower end is only r",86. 

The diameter of the piston is o^.f^S and its length 
■I metres, so that when it rises to ihe full extent, there is 
still a length of 1 "", 1 o in the press. 

All ihe nianteuvres are enecutid nilh Ihe gnalest faci- 
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lily, by one man at the engine , and from a place close to 
his lodging, he can manage the working of the bridge. 

The weight of this bridge is 3oo tons, and it rests on 
a stone pier 6 metres in diameter, founded on the rock, 
by means of a caisson with compressed air, at a depth of 
1 A metres below ebb-tides. 

The total outlay was 3i 6,000 fr. 

For the bay, not including the masonry of the 

approaches t5o,ooo fr. 

For the foundation pier 66,000 

Total 3i6,ooofr. 



The great works of the port of Marseille date princi- 
pally from iSliti. From that period till 1867 they were 
successively directed by MM. Toussairt, Bergis, Montbt 
and DE MoNTRiGHER, engineers in chief, and by M. Pascal, 
resident engineer. Since 1867 ^W ^^^^ heen directed by 
M. Pascal, engineer in chief, and MM. Andri£, Bbrrard 
and Denahiel, resident engineers* 

Among the conducteurs that have seconded the engi- 
neers, mention should be made of MM. Bdllibr, LfvEiis, 
CoiONARD, S^billotte, Piss^re and B^n^eth. 

The contractors have been MM. Dussand brothers, 
Barthblor, Rabattc , Vaggaro and Michel (D^r^). 

The floating gates, the pumping machinery and the 

swing-bridge were planned by M.£arret, engineer to the 

Dock Company, and executed by the New Society of 

^ Forges and Workshops of the Mediten*anean , under the 

direction of this engineer. 




lUmei'oiis atttiwpts liave heeii made (o lower the biir ol 
iLe KlioiiL', wliure lliis rivur discharges ila waters into the 
Mediterranean, hut hitherto they have resulted in failure. 
It was therefore decided to open a direct conimunitialiun 
between ihe gulf of I''oz and the deep part of the river, 
ahovv the bar, by means of a canal designated the Sainl- 
houis Canal. 

This canat begins on the left bank of the Rhone, at the 
commencement of ihe dike constructed in i85(i for the 
embankment of the Bras dc t'Ebt (Eastern Ann), at a dis- 
tance of (iuo metres below the Tour Saint-Louis', and 
laking a straight line from west to east, it terminates 

Ihe gulf of Foz, opposite the port of Bouc. At the Rhone 
ead. it is closed by a lock, whUe at the sea, it discharges 
ioto a port formed by two jetties. On ihe canal side of the 

lock, a basin has been excavated to enable vessels to turn 
round, in order to pass from Ihe lock inlo the canal, and 
vice versa. 

The Saint-Louis canal having been establifhed as a 

lubslitute for the natural cmbourhuro uf the Rhone, it 

las unnecessary to create a depth of water exceeding ihal 
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of the river itself, below the port of Aries. Between Aries 
and Saint-Louis, the depth of water is scarcely -i metres, 
and even with the improvements. now being made, it does 
not appear probable that more than k metres will ever be 
obtained, in consequence of the reefs of hard pudding 
stone, encountered at certain points in the bed of the 
river. A depth of li metres was therefore considered suffi- 
cient for the mouth of the canal. But the idea presented 
itself that, the entrance of the Rhone once rendered prac- 
ticable, the river traffic would immediately take such a 
developnJcnt that it would be absolutely necessary to se- 
cure the possibility of putting it into communication with 
the maritime navigation. For this reason, the Government 
decided to give a depth of 5 metres to the Saint-Louis 
canal. For a maritime channel of such dimensions, it was 
essential to create a port on the Rhone, capable of receiv- 
ing vessels coming from the sea by the canal. This port 
was formed at Saint-Louis itself; the basin was enlarged 
sufficiently to admit of the necessary manoeuvres of vessels; 
quays were built, and at the present moment, others arc 
in course of construction on the Rhone, just above the 
outlet of the canal. 

The canal, properly so called, is 3,33o metres in length 
from its entrance into the basin at one end to the sea 
shore at the other. 

It is 6 metres in depth below the level of low tides. 

The width at the bottom is 3o metres, and at the level 
of low tides 63 metres. The banks are protected to a 
height of i'",3o, above low water mark in the canal proper, 
by dry stone pitching, 0^,/io in thickness with a slope of 
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i5°, and at the crossing of the basin to a level of i°',bo. 
The pitching only descends a metres, and rests »d a bench 
6"'.5o in width, and from this bcneti the bank is cut in 
talus, a in base to ] in per|iendicular. 

On each side of the can;il a toninjj [lutli Ita^ been 
formed, la metres in bieadllt, witli a levil of i metres 
•ibove tbe uuter. 

Along the whfilc length of the toning paths, the earth 
excavated from the canal was put in depots or spoil- 
bank»i, and these have been kept Q"',ao a]>ove water level 
in such a manner as to be above the highest level of the 
waters of the Ithnne, and to protect the canal In case of 
inundation. 

Tbe basin is 'ioo metres in length by 3oo In width. 

Quay walls have been built on three sides, and the 
l«Bgtli linishod up to the present time is 85o metres. This 
length will attain i.i oo metres, when the walls in cuurt^e 
of construction are terminated un the wiistern, northern 
and eastern sides. The cap[iing of ihe (|uays Is established 
^",50 above natcr level and the earth platforms behind 
are made flush to the same height. 

The works of the canal and basin were executed dry, 
by the aid of two colFer-danis, one at the sea end. the other 
in the excavations for the lock. A third coffer-dam was 
formed about half way between tbe t»o, In order to pro- 
vide against the contingency of eillicr of the end dams 
giving way. Iliey were made partly with the natural soil, 
and partly with the clajcy ground t;iken from die cuttings. 

The draining was accom|i[ishcd by means of rotary 
[mnips (Neul and fJumonl). workfd Ii\ a portable engine. 
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There was a pumping shaft for each of the divisioos, ialo 
which the canal and basin were separated by the centre 
coffer-dam , in which last, auxiliary^ pumping machinery was 
established. Each shaft was furnished wiUi two rotary 
pumps, and two portable engines of 8 to lo horse power. 

The port is formed by two jetties, of which the southern 
one is parallel to the axis of the canal , at a didtanoe of 
4 8"*, 9 5 from the axis; it advances as far as the natural 
bottom of 6'",5o, and is i, 7 A 6*", 9 o in length. The other 
commences i,35o metres to the north of the canal; it has 
only advanced as far as the natural bottom of 3*", a 5, and 
is at present but 5 00 metres in length. Being perpen- 
dicular to the direction of the bank , it tends towards the 
wing wall of the northern jetty in such a manner, that if 
the two jetties should be carried out in a straight line as 
far as y'^^So, there would remain a passage 900 metres 
in width between the wing walls. 

The jetties are constructed exclusively of rough stone, 
or the natural rock. 

The northern jetty is only 1 ",9 5 , above the level of low 
tides, and is U metres broad at the top. It is built of stones 
of an average weight of 5o kilogrammes, and the talus 
are faced with stones of 3 00 kilogrammes. 

The southern jetty is elevated 9",5o above the water 
level, it has o"',9 more convexity, and its breadth at the 
top is 9 metres. It is formed of stones of 5o kilogrammes, 
average weight. The facing of the northern talus is of 
stones of 3 00 kilogrammes, and that of the southern side, 
of blocks weighing at least 5oo kilogrammes. For the wing 
wall, terminating the southern jetty, and which is about 
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HO metres in diamet^ at the top, the facing is composed 
of blocks of i,aoo kilogrammes in weight. 

Above the level of low tides, the roug^ stone-work that 
forma the facings has been carefully laid by hand, and 
tightened by atone splinters in form of wedges. At the 
level of the water, on each side of the southern j^ty, a . 
course of large stones and blocks has been laid , to prevent 
the slipping of the lower part of the talus, and the facings 
are thus kept in r^ir from the top of the jetty. 

The indination of the talus is a of base for i of 
height. 

The works of the canal, commenced in i864, were 
only terminated at the end of iSyS. 

Hie lock will give passage to vessels requiring to enter 
the Rhone from the sea, and also to boats coming from 
the Rhone to the canal. The dimensions have been calcu- 
lated as fdlows : 

Width between side walls aa"\oo 

Deplii of water in centre at low tide 7 «5o 

Working leagUi of chamber 1 60 ,00 

Tolal length of the work 18/i ,5o 

Depth of water on sill 7 ,5o 

The depth of water in the canal is 6 ,00 

The lock is indined down stream from the river on an 
angle of 1 4° 9' 1 o". 

It is provided with two pairs of gates, and the versed 
sine of the sills is one sixth of the breadth of the lock. 

The side walls arc perpendicular. The invert is laid 
to an arc of a metres versed sine, and the flooring of the 
fjale chambers is 3 metres below the level of low tides. 
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or o"*,5o below the lowest point of the invert. The gale 
recesses are ia*",6o in length by o",85 in depth. 

Culverts are contrived in the side walls, and serve to 
fill and empty the chamber. These culverts are t"',a5 in 
breadth by a metres in height at their outlets in the re- 
cesses of the gate chambers, and the sills are horizontal 
and 5°',5o below water level, or at the level with the 
springing of the curve of the invert. 

The heads of the lock, the side walls of the chamber, 
and the wing walls, are founded on piling, while the in- 
vert is laid directly on the soil. 

Pine piles stripped of the bark were used; their 
average diameter was o",3o by a length of la metres, 
and the distance from centre to centre i°*,i5. They were 
covered, without framing, by a mass of beton i'",5o in 
thickness for the beads of the lock and the retaining 
walls, and by a thickness of i metre only, for the side 
walls of the chamber. The piles penetrate the beton 
I metre under the heads and o'",5o under the side walls 
of the chamber, so that the layer of beton is o*,5o in 
lliickuess throughout, above the plane of the cutting of 
the piles. 

The eastern quay wall of the channel entering the 
Khone is founded, like those of the basin, directly on the 
soil. 

The western quay wall, the wing wall of the lock, and 
the quay of the Rhone, arc constructed of solid masses of 
beton run into the enclosure. 

The lock and its retaining walls, and the eastern quay 
wall of the channel, were built entirely drv, bv means of a 



s*iNT-i.fir!is i;a>al. aai 

coffer-dam rormed by tlie natural ground left intact iilotij^ 
thi? Rhone, with n brcadlli of u few rnelres. A similfii' 
dam separated IIip excavations of ihi? lork from ihose of 
the basin, so ihal in case of accident or rupture of the 
Rhone rofTer-dam, the basin would bo prolccled from the 
water. 

The execution of the oarlh-works and masonry pre- 
sented nothing worthy of remark, The piles were driven 
in by six pile-driving miichmes, and ihe monkey, weigh- 
ing 800 kilogrammes, was raised bv a steam winch. Each 
of the machines was able to drive 1 5 piles in a day, and 
being 1 a metres in length , ihey were driven home, A se- 
ries of I blows and a fall of s metres hardly caused u 
downward movement of o", lo. 

The works of the lock were terminated in June iH-jZ. 

The gales are in rolled iron. 

Each leaf is 1 i'",fia7 in breadth, t)"',5o in height and 
o'*,666 in thickness, and consists of eleven horizontal 
beams or cross-pieces, identical, at equal distances apart, 
and joined at iheir extremities by two vertical beams or 
uprights, the heel-post and the mitre-post. The cross- 
pieces are formed of a web in sheel-iron o'°,oio and two 
angle-irons ^^7^- The uprights are made in Uie same ' 
manner. To the frame formed by the assemblage of these 
pieces, a continuous shed-iron skin is added on both 
sides. Each leaf thus forms a rectangular chesl, the bulk 
of which is such, that the weight of water which it dis- 
places, is greater than the weight of the chest itself. 

The middle part of this chest, which is below the level 
"f the waler. is arranged in sucli a manner hs lo forni a 
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float, in order to reduce the weight on the pivots and les- 
sen the strain on the hinges. On the upper side of the 
gate , above and below the floating part, man-holes are pro- 
vided, by means of which the water penetrates freely and 
the leaf floats always in the same conditions, whatever 
may be the depth of the upper or head water. The inte- 
rior is accessible by the man-holes. 

Each leaf is furnished with a pump, which serves to 
clear the water from the interior of the float. 

The man-holes can be closed , and the compartments 
pumped dry, above and below the float; the gate then 
floats entirely , thus facilitating inspection and repair. 

The thickness of the gates is the same -throughout, 
while the breadth of the cross-braces varies with the thick- 
ness of the lining. 

They bear against the sill through an oaken frame 
bolted to the frame-work of the gate itself. The mitre 
posts are in oak. 

A wooden grating is bolted to the down-stream side of 
the gates , to protect them from the vessels passing through. 

Lastly, the gates are surmounted by foot-bridges, the 
hand rail of which can be lowered, during the passage of 
a vessel through the lock. By this arrangement all damage 
from the rail is avoided. 

The wrought and sheet-iron employed in the construc- 
tion were carefully tested. They resisted, without breaking, 
a strain of 3 /i kilogrammes per square millimetre of sec- 
tion, in the direction perpendicular to the lamination. 

Bessemer steel was selected for the sockets, pivots, gud- 
geons, and knees. This steel gave to a traction strain, a. re- 
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sistance of 68 kilogrammes, with an elongalion of 1 6 per 
cent. 

The gates were put together on the spot, exactly in the 
place they were to occupy, and this operation was ef- 
fected before the water was admitted into the canal. 

The weight of a gate, with the wood, is 4 9 tons, but 
in the water, owing to the action of the floating part, it 
is not more than 7,000 kilogrammes. 

AH the work, executed dry. was fmished in March 
1871. 

On the 17*^ April 1871, the water was admitted, and 
on the /i^ May following, the cofl*er-dams of the Rhone 
and the sea ends were opened. 

At the last moment before letting in the water, the cof- 
fer-dams at the middle of the canal , and between the basin 
and the lock were removed; the coffer-dams at the extre- 
mities were taken away by means of steam dredges. 

The insubmersible embankments on the left bank of the 
Rhone, formerly terminated li kilometres above Saint- 
Louis, so that, during floods, the Rhone overflowed the 
low lands along the northern side of the canal Saint-Louis, 
and discharged the water near the port. To obviate this 
inconvenience, it was necessary to suppplement the works 
of the canal by an insubmersible embankment , /i kilo- 
metres in length, to connect the existing embankment witli 
the banks of the canal Saint-Louis. 

This work, known under the designation of the embank- 
ment of Eysselle, was completed in the month of Decem- 
ber 1873. 

The cost of the caiial and port of Saint-Louis, includin{; 
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the supplementary works, will amount to i 0^/100,000 fr. 
clivideil as follows : 

1 . Canal, basin and port 1 o,o53,ooo',uo' 

a. Lock 3,7/1 1,6^9 7/1 

.*i. L6ck-f;ate8 1 76,/i9(i 7/1 

^ ^i. Beacon of South jetty 38,900 00 

5. Embankment of Flysselle 25,7/13 98 

r>. Quays on the Rhone 68A,3o6 i3 

7. General expenses (about) 697,006 61 

i5,6oo,ooo',oo* 



The plans of the canal of Saint-Louis were drawn, and 
the works executed, under the direction of M. Pascal, en- 
gineer in chief of the special maritime service of th<» 
Mouths of the Rhone. 

MM. Bernard and Gu^rard, engineers cedes Fonts et 
Chaussees », were charged with the execution of the works. 

M. Reybert, Kconducteur des Fonts et Chau8S^es», has 
remained constancy attached to the surveys and the 
works of the emhouchures and of the canal of Saint-Louis, 
since i8/ifi. 
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ATLAS OF THE PORTS OF FRANCE. 



Two porlfolios of plans and maps. 

Two volumes of nolicos. 

The maps on a scale of o'",o (»oo 075; the plans on a scale of ©"'jO oo«. 

A ministerial decision of the 9 4*'* October 1868 order- 
ed the publication of an atlas of the commercial ports of 
France, and appointed a commission to arrange the pre- 
hminaries and direct the execution of the work. 

In addition to plans of all the ports, the atlas contains 
maps, at the same time hydrographic and territorial, in- 
tended to show the coast lines of our principal maritime 
establishments, as also their means of communication with 
the interior of the country. These maps and plans are ac- 
companied by notices, furnishing the most essential and 
important information relative to the respective approaches, 
nautical conditions, successive devolo|)ment, present state 
and statistics of these ports. 

The part published comprises the ports of ihe depart- 
ments of the Nord, the Pas-de-Calais, the Somme, the 
Seine-Inf(5rieure, the Eure, the Calvados, and the Manche, 
as far as Granville. The text constitutes the first two vo- 
lumes of the notices. 

The president of the commission is M. Rryinaud, inspector 
general t^des Ponts et Chaussecsw. At the comnjencement 
of the work, M. baron Baudr was the secretary to the com- 

i5 
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mission, but being carried off by a premature death, he 
was succeeded by M. de Dartein, engineer. Another on- 
gineer, iM. E. Collioon, has been appointed secretary to 
the commission, and is charged with ihc direction of 
everything relating to the printing of the notices. 

Chief draughtsman. M. Huguenin. 

Kngravors of the maps and plans. MM. Dulos and 
Pfrot. 



FIFTH SECTION. 
LIGHTHOUSES AND BEACONS. 



\XXIV 

STATE OF LIGHTS AND BEACONS 

ON THE COASTS OP FRANCE. 



A large volume in-8" wilh map. 

These documents show the condition of lighthouses and 
beacons on the coasts of France, on the t"' January 1876. 

At this dale there were 879 lighthouses, not including 
those of Algeria, and this number was classified in the 
following manner : 

of Ihe 1 '* order 45 



a 



Bd 



order 6 

Lightbouses { S'^ order 3i 

A*** order. 33 

5*** order a5A 

Floating lights 10 

990 lighthouses have been constructed or renewed, 
since the commencement of 18/18. 

Up to that period , the establishment of maritime beacons 
had not been seriously undertaken. 



i5. 



XXXV 
LIGHTHOIISK OF' CAPE SPARTKL. 

(MOROCCO.) 



Drawing on a scale of o",o4 (one Iwenly-fiflh). 

The vicinity of cape Spartel, which is situoled on [\\e, 
south of the strait of Gibraltar, had been the scene of nu- 
merous disasters, when, in 1869, M. Jagerschmidt, tho 
director of our consulate at Tangier, proposed to erect a 
lighthouse on this point. Some diiliculty appeared to at- 
tend a proposition of this nature, seeing that the govern- 
ment of Morocco possesses no shipping, and consequcndy 
could not be actuated by any motives of interest in such 
an undertaking. There was also reason to believe that, up 
to a certain point, it would be disposed to take an unfa- 
vourable view of a project which, if successfully carried 
out, would deprive its subjects of the dishonest but con- 
siderable profit realised from the wrecks of unfortunate 
vessels driven upon their coasts. It was therefore consi- 
dered indispensable to obtain the concurrence of the Eu- 
ropean powers most interested in the question, in order 
to surmount the opposition anticipated, as well as to con- 
tribute the sums necessary to defray the cost of the pro- 
ject, and subsequently to secure the proper maintenance 
of the light. 

The idea was submitted to the Lighthouse Commission, 
bv th(» niemb<Ts of which it was cordially received and 
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energetically advocated. Unfortunately, obstacles inter- 
posed to disturb the preliminary accord necessary at the 
outset of the enterprise, and success appeared doubtful, if 
not impossible, when in i860, the Brazilian frigate Dana 
Isabel was driven upon the cape and totally wrecked. This 
vessel was manned by a numerous crew, including pupils 
of the Brazilian Naval School, but in a dark night and a 
heavy sea , it was impossible to distinguish the dangerous 
point, and two hundred and fifty lives were lost. This 
disaster, more painful than any preceding it, excited pro- 
found sympathy and recalled public attention to the pro- 
ject previously entertained. The emperor of Morocco not 
only assented to the erection of a lighthouse, but prom- 
ised, besides, to provide the necessary funds for its con- 
structien, on the sole condition that France should appoint 
an engineer to direct the works. 

This mission, which was difficult and ultimately pre- 
sented many unforeseen obstacles, was confided to M. Jac- 
quet , « conducteur des Fonts et Chauss^es r , attached to the 
Lighthouse service, and he immediately proceeded to the 
locality. 

In the month of June 186 1 , a careful survey, made on 
board the French man of war le Coligny, enabled M. Jac- 
qaet to fix definitively the site for the lighthouse. In con- 
junction with the commander of this vessel, he decided 
upon a small plateau rising perpendicularly to a height of 
70 metres from the sea coast, and situated about 5 00 me- 
tres north-east of the extremity of the cape. This spot 
commands an extensive horizon towards the open sea , as 
Holl as in the direction of the strait, and is free from the 
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dense fogs which sometimes envelop the summit of the 
mountain. 

The locality itself oil'ered some resources in respect of 
materials for construction, which were the more valuable, 
as the only means of communication with Tangier are 
steep and scarcely discernible tracks. This town is the 
nearest centre of population, and everything brought 
hence to the lighthouse is carried by asses, a mode of 
conveyance very expensive and only admitting of small 
loads. 

The plateau is surrounded by rocks of a tine sandstone, 
sufficiently hard in quality, and easy to work. At a short 
distance below, a calcareous deposit was discovered, ca- 
pable of being converted into excellent lime, and near to 
this were found a stratuna of fire-clay and a quantity of 
sand. Finally, two springs apparently inexhaustible, and 
slightly ferruginous, bubble up from the rock a few metres 
above the platform. But in order to take advantage of 
these resources , it was necessary to open quarries in this 
desert, to establish lime and brick kilns, to provide dwell- 
ings for the engineer and workmen, and to make arran- 
gements for a supply of provisions, etc. But the engineer 
had at his disposal only forced labour, i. e. men taken 
from the country adjacent, kept together by compulsion, 
and frx^qu^ntly changed. In addition to this disadvantage, 
they were unskilful, and particularly averse to assist in the 
success of a work, the object of which they did not com- 
prehend, and directed by an infidel whose orders were 
transmitted to them through the medium of interpret- 
ers without authority. In Morocco there are masons notde- 
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ticient in a certain skill, and who execute very cleverly that 
ornamental work replete with the graceful fancies so 
effective in Moorish architecture, but the solidity of con- 
struction reqvired in a lighthouse exposed to tropical rains 
and' violent tempests, could scarcely be expected from 
these workmen. The stonecutters were ignorant of the 
use of the square, and would not admit the possibility of 
working stone of larger dimensions than a man could ea- 
sily carry. The carpenters also have no idea of a framing, 
and only employ planks. Without doubt, workmen could 
have been procured from Spain, but the price of labour is 
so low in Morocco, that the government functionary to 
whose department the payment of the works pertained, 
could not make up his mind to pay comparatively exor- 
bitant wages, especially when it did not appear to him 
absolutely necessary. 

The French government came to the assistance of the 
engineer, and at the close of 1861 sent him a foreman 
and a stonecutter, and subsequently two other workmen. 

At last, owing to the perseverance and energy of the 
engineer, under the most unfavourable circumstances, this 
important work was completely iinished in 186/1, and a 
light of the first order was kindled at the summit of the 
tower on the 1 5^' October in the same year. 

In order to ensure the regular maintenance of the light, 
an agreement was made between Morocco, on the one part, 
and the' representatives of the ten powers most interested , 
on the other, viz. France, England, Spain, Italy, Austria. 
Belgium, Holland, Portugal. Sweden, and the United 
States of America. 
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Each of these powers contributes i,5oo francn per 
aniiuiu, and their representatives at Tangier, forming a 
commission, decide upon all measures necessary for the 
proper maintenance of the lighthouse. The keepers are 
Europeans, and are protected by a Moorish guard con- 
sisting of four men and a cadi or commander. This guard 
is paid by the consular commission. 

The edifice consists of a tower, of which the exterior is 
square and the interior circular. It is situated on one 
of the sides of a court yard, surrounded with an portico 
or verandah, under which are the lodgings and store- 
rooms, which are arched, and covered with a terrace. 
On the oiitside they are pierced with very narrow aper- 
tures, so that when the gate is shut, the guards are pro- 
tected from nocturnal surprises, and could even hold out 
against attacks by the natives, until assistance arrived 
from Tangier. 

M. Jacquet the engineer kept the most exact account 
possible of the expenses incurred by the government of 
Morocco, ex|)enses with which he had the prudence not 
to interfere. They were examined and paid by a special 
agent, an amine, and estimated by M. Jacquet at the 

sum of <j56, 1 38 fr. 

which includes the purchase of the lentic- 
ular or double convex lens apparatus, fur- 
nished by MM. Sautter and Company. 

The expenses borne by the French go- 
vornnient amounted to 05,736 

Total 301.87/jfr. 
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LIGHTHOUSE OF NEW-CALEDONIA. 



A model on a scale of 0*^,0 4 (one Iwenly-fiillb). 

The lighthouse represented by this model was erected 
in 1 865 on the islet of Amede, i3 miles from Port-de- 
France, in New-Caledonia. 

It is constructed entirely of iron, according to plans 
similar to those of the lighthouse of the Roches-Douvres, 
elsewhere described. 

It is founded on a solid mass of beton , in which are 
sunk the cast iron foot-plates which support the uprights. 

The tower is /iS metres in height, from the level of the 
ground to the platform at the to|) , and the lantern for the 
fixed light is 5o metres above the highest tides. 

The cost of the iron-work, including putting together 
and taking to pieces in Paris, amounted to 9 98, 706 fr. 
76 cent., which is divided as follows : 

Ordinary castings for fouodalion fool-plalcs and socle of ground- 
story, 89,093 kilogrammes at o^6o 3ii,837',i]o 

Finished castings for door, cornice and stairs, /i5,887S68 at 

o',55 25,a38 ,1 1 

Wrought and plate iron, 193,666^89 at o^70 1 35,^96 ,89 

Wrought iron fittings for door-frames , sashes , halustrades,etc. 

i7,879S97 at i^Ao 35,oa!» ,16 

Three coats of red load paint, r),o59'",23 at 1 franc 5,o59 ^^"^ 

Brouxes, mnliogany hand-rail, gluzing, models, olc ."jjaS ,93 

Total '198, 706', 70 



( 
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Tlio idea of constructing a building in stone upon a 
lesert isle could not be entertained in a colony destitute 
of resources, and the erection of the iron tower presented 
difliculties sufficiently formidable, but they were skilfully 
surmounted by M. Bertin, ciconducteurdes Fonts et Chans- 
sees 7) , to whom the direction of the work was confided. The 
new light, which is destined to render the greatest service 
to navigation, was kindled for the first time on the 1 3^ No- 
vember i8G5. 

The works were executed bv order of the Minister of 
the Marine. 

The authors of the plan were : 

MM. Leonce ^EY^AUD, inspector general «des Ponb ct 
(Jliauss(ies>', director of the Lighthouse and Beacon ser- 
vice, and Allard, engineer in chief cedes Ponts et Chaus- 
seesjj. 

The constructor of the iron tower and the model was 

M. BlGOLET. 
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UGHTHOUSE OF THE ROCHES-DOUVRES. 



Drawin(];s on scales of o"',oi and o'tO/i. 

The plateau of the Roches-Douvres is the most northerly 
of those innumerable i*eefs that render navigation so dan- 
gerous on the coasts of Bretagiie. It is nearly equi-distant 
between the islands of Brehat and Guernsey, and twenty- 
seven nautical miles from the oiling of the harbour of Por- 
trieux. 

The necessity of erecting a lighthouse on this point had 
long been recognised, but the construction of a lofty stone 
tourer in a part where the sea, owing to the great force of 
the tide currents , is constantly rough , was likely to pre- 
sent many diflicullies and consequently to involve a consi- 
derable outlay, especially as sailing vessels only were avai- 
lable for the service, and these might frequently make 
fruitless voyages, on account of being compelled to cross 
the currents, both in going and returning. Steam naviga- 
tion and the use of iron for purposes of construction ap- 
peared to set these questions at rest, and in the sitting of 
the 9&^ January 1869, the Lighthouse Commission de- 
cided to illuminate the Koches-Douvres by a revolving 
light of the first order. 

The rock u[)on which it is established is situated near 
the middle of ihu south side of the plateau. It rises to 
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(he level of flood-tides, and (he slone basement of the 
edifice is !i'", i o in height. The iron tower is 48",3o , from 
the foot to the level of the upper platform, and 56"^i5 to 
the summit of the lantern. Its diameter, which is i i",io 
at the base for the inscribed circle, diminishes to /i metres 
at the top. ^ 

The focus of (he lighting apparatus is 53 metres above 
the level of the highest tides. 

Cast iron stairs occupy the centre of the building; the 
store-rooms and keeper's lodgings are situated in the lower 
part, and are surmounted by two interior galleries, into 
which shipwrecked persons can be received, and where 
the workmen can sleep, when exceptional circumstances 
necessitate their passing some days in the lighthouse. 

The lodgings comprise a room in which are stowed the 
water-tanks, a store-room, kitchen, three rooms for the 
keepers, and one room for the engineers, when on a tour 
of inspection. A coal cellar is contrived in the solid part 
below the staircase. 

Up to the present time, the majority of iron lighthouses 
have been constructed with plates of iron more or less 
thick, riveted together. 

But in the present instance it was not thought expedient 
to adopt this plan; in the first place, because it causes the 
stability of the edifice to depend upon a covering greatly 
exposed to oxidation, and on this account it is deficient in 
the requisite conditions of durability, especially if ne- 
glected. In the second place, because the riveting and 
mode of construction recpiire special workmen, and also 
because the scafiolding necessary is difiicult to erect upon 
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a rock of limited dimensions. The following conditions 
were therefore observed : 

1. To render the skelelon of the edilice entirely inde- 
pendent of the exterior covering; to shelter it from the 
sea fogs which rapidly cause oxidation; to facilitate in- 
spection and proper keeping, and to reduce as much as 
possible the extent of surface exposed to humidity ; 

ti. To manage the process of construction, in such a 
way, that the tower should be erected without scaffolding 
at the bottom, and without clinching a single rivet on the 
place. 

Stress was also laid upon the necessity of the parts 
being of such dimensions as to obviate any difficulties of 
embarkation, of stowage on board, and of placing in 
position. 

Sixteen great U[)rights or standards, each consisting of 
fifteen panels in the height, constitute the skeleton or 
frame-work of the building. Each panel is in simple T 
irons, put together, consolidated, and riveted in such a 
manner as to ensure the most perfect solidarity, and re- 
sistance to deformation, contingent upon the strongest 
shocks or pressures that could be foreseen. These panels 
are bolted, one upon another, and cross-braces, inside as 
well as outside, also bolted, keep the standards in posi- 
tion. Finally, on the last cross-braces and on the exterior 
surfaces of the standards are fitted sheets of iron consti- 
tuting a covering, the joints of which are protected by 
wrought iron plat-bands fixed by bolls. 

Each standard is surmounted by a cast iron bracket, on 
which is corbelled out the platform required for the ex- 



s. 



238 LIGHTHOUSE OF THE ROCHES-DOUVRES. 

iernal service of the lantern. The standards rest upon a 
large cast iron foot-plate held by six wrought iron bolls, 
and embedded in a solid mass of concrete. 

The chambers are surrounded by a brick wail, which, 
for effectual shelter, is o",o5 from the sheet iron tower, 
they have also brick partitions. A floor in concrete raises 
the surface to o"',/io above the cast iron foot-plate, while 
the ceiling is in stone-work resting on small iron joists. 

The service chamber is at the top of the tower, and 
communicates with the lantern by a cast iron step ladder, 
as usual. 

The stairs of the tower are in cast iron with wrought 
iron stringers. The outer stringer is bolted to the stan- 
dards where it meets them, and thus contributes to the 
rigidity of the system. A half turn of the stairs corresponds 
exactly with the height of a panel, that is to say, 3'",90. 

The door of entrance is in oak, with bronze mountings, 
and all the window frames are in rolled iron. 

The T irons are bent according to the angles of the 
polygon , in order to form the exterior arris of the panels. 
They are o", 1 8 by o", i o , and weigh 3 1 kilogrammes per 
metre. Those constituting the three other sides of the pa- 
nels are o"',QO by o"*,io, and weigh 35 kilogrammes per 
metre. The panels of the three first rows have each a dia- 
gonal corner bracket arris-wise, formed of a bar of iron 
o", 1 4 by o"",o 1 4', riveted to two T irons o", 1 3 by o",o65. 
This bracket, rivets included, weighs 44 kilogrammes per 
metre. 

The cross-braces are in bar iron, o"*,o8 by o'',oi(), 
and weigh 9^^,689 per metre. 
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The thickness of the plates diminishes from the lower 
story, where it is o",o i o, up to the top, where it is reduced 
to o^jOoy. 

The cover-plales are formed of har-iron o'",oi i in 
thickness. 

The total cost of the construction is indicated in the 
following table : 

Iron tower, properly so called, wrought iron and castings, 

'3i 7,3«8 kilogranmies a23,986',7r» 

Joioer^s and locknnitb^s work, bronze hand rail and painting. 33,788 ,57 

Lantern, lighting apparatus, fog hell 85,576 ,*> 1 

Packing and carriage 1 9,8 1 9 .H 1 

Tools, apparatus for erection, various fittings 17,086 ,on 

Foundation work and construction 9s5,ioo ,00 



* 



605,357^,37 

A temporary light was placed upon the tower during 
the execution of the works, and was raised at the same 
time with it. 

The actual light was kindled on the ti''' August i8()(|. 

The engineers for the iron tower were MM. L^onco 
Rbtnaud, inspector general c^des Fonts et Ghaussc^es?', di- 
rector of the Lighthouse service, and Emile Allard, engi- 
neer in chief «des Fonts et Chauss^es?*. 

Constructor : M. Rigolbt, of Faris. 

The engineers for the foundation works and the con- 
straction on the rock were MM. DujARmN and Fblauj)^ en- 
gineers in chief, dr la Tribo.\;^ikiie, resident engineer. 
Bbrtin, t(conducteur dos Fonts pt (Ihansseos??, and Lk 
BozBc, «empIoy(^ des Fonts et (Ihaussf^esT^. 
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LIGHTHOUSE OF THE HI^AUX DE BR^HAT. 



Three models on a scale of ©""^o/i (one twenty-fifUi ). 

The lighthouse of the H^aux de Br^hat is of ihe first 
order, having a fixed while light, and is situated about 
five miles from the most northerly point of the Breton 
peninsula. 

Height of lanlern from foundation ^9"'«Ao 

Height of lantern ahove highest (ides 65"',oo 

Luminous range wilh the new lighting apparatus ao miles. 

The strength of the tide currents in these parts is very 
great, and they attain a velocity of eight knots. When the 
force of a tempest is superadded, the violence of the sea 
is such that the waves rise to a considerable height, and 
break with a roar against the objects they encounter. 

The edifice consists of a cylindrical tower, li'j'^^bo in 
height from the arris of the base to the foot of the lan- 
tern, and is divided into two principal parts. The lower 
part is intended to support the strongest pressure and to 
resist the most violent shocks of the waves, it is therefore 
constructed with great solidity. With this view, the pro- 
file of the exterior follows a concave elliptic curve which 
gives a large projection to the base; it is 18 metres in 
height, 1 3^,70 in diameter at the base, and 8^,60 at 
the top, and the masonry is solid up to 1 metre above 
the highest tides. The upper part rests upon a basement 
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considered immovable, while the lightness of its construc- 
tion might appear suitable for a tower of the same eleva- 
tion erected upon the land. It is q'j'^.Iio in height (not 
including a metres for the basement of the lantern), 6", 80 
at the base and 5'",90 at the top. 

The interior diameter of the tower is 4"',2 0, and that 
of the basement of the lantern S'^^qo. 

A bronze ladder gives access to the door, which opens 
to the south, and is placed i metre above the highest 
tides. 

The interior 6f the building is divided into eight stories , 
communicating by stairs, first straight, then circular with 
solid newel, of which the staircase is partly let into the 
wall. The first two stages serve as storerooms and the 
four following as the kitchen and bedrooms of the keep- 
ers, then comes a spare room, a service room, and finally 
the lantern. The successive diminutions of the diameter 
of the tower have allowed two exterior galleries to be 
formed. 

To facilitate access, the edifice has not been placed 
upon the most elevated point, but upon a sufficiently 
broad platform to the south of the rocky [)lateau, and 
4", Ac below the highest tides. 

The works were established on the island of Brehat, 
about to kilometres from the rock, in order to take ad- 
vantage of the facilities for embarking materials, and of 
the favourable currents of ebb-tide, which tend directly 
from the island to the site of the lighthouse. Each course 
was dressed and accurately fitted together before its em- 
barkation, and was afterwards landed at its destination 
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on the rock, and carried to the tower by means of a series 
of cranes, which passed the stones from one to another. 

During the construction of the solid part of the base- 
ment, a crane with a long jib, and stayed by six shrouds 
made fast to the rock , was fixed in the centre of the build- 
ing on a wooden platform, elevated 3 metres above the 
level of the highest tides, by means of four uprights. Each 
of these uprights was secured by five shrouds and two 
strong iron cramps o"',07 in diameter, let into the rock, 
and was enclosed in the filling in of the interior of the 
tower, and by this means permanently 'consolidated as 
the building progressed. 

Subsequently, the same crane was placed at the inter-* 
section of two trussed girders that rested on the masonry 
of the tower and were raised by means of jack-screws. The 
crane lifted the stones and put them immediately into po- 
sition, the jib being easily varied even when loaded, and 
finally, a flying scafiolding surrounded the upper part of 
the building and was raised with it. 

The whole construction is executed in perfectly homo- 
geneous granite, of a fine close grain and bluish tint; the 
vaults are in brick. Notwithstanding the violence of the 
shocks to which the lighthouse of Br^hat is exposed, it 
was not deemed necessary to have recourse to the means 
employed in similar cases to ensure the solidarity of all 
the stones of the edifice; but each course of the basement 
was divided into a certain number of great key stones, 
each of which was fastened to the underlying parts by four 
granite plugs, let into the two adjacent courses and placed 
at the angles of the compartment. These arrangements 
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enabled the building to proceed more rapidly and econom- 
ically, and it may be added that they have since been 
fully justified by experience. 

The works were executed between i835 and 1839. 

The cost» not including the lantern and lighting appa- 
ratus, amounted to 531,679 fr. q8 cent. 

The works were planned and executed under the direc- 
tion of M. Lbgor, engineer in chief cedes Fonts etChaus- 
s^)v, and by M. Rkthaub, resident engineer. 
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LIGHTHOl'SK OF LA CROIX 



Drawiugs on a scale of o''*,oA. 

The great entrance passage of Trieux ((16les-du-Nord) 
is indicated by two lights; one of which is established on 
the heights of Bodic, to the left of the embouchure, tho 
other is on an isolated rock which is a,ooo metres 
from the shore, and is called La Croix. The luminous 
range of both lighthouses is only required to pervade an 
angular and limited space, so that the lighting apparatus 
consists of parabolic reflectors fixed in the upper cham- 
bers, in front of the windows opening in the direction of 
the passage. The lights are twinkling , and cannot be con- 
founded with any other lights on the neighbouring coasts. 

The top of the rock La Croix scarcely emerges from the 
level of the highest equinoctial tides. All the sides of tho 
rock are nearly perpendicular, but between them is an ir- 
regular plateau, upon which it was just possible to in- 
scribe the circular base of the tower. This is divided into 
four stories surmounted by a platform, constituting the 
sole promenade at the disposal of the keepers. The ground 
floor serves as vestibule and storeroom, the first story as 
a kitchen , while the third includes the service room and 
lighting apparatus. 

It was necessary to carry tho stairs in a small engaged 
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lower louiided » mclri!s lit'lm* titi' |iliikMii uji wliidi (lie 
large tower rests. 

Ill order to leave the most elevated jiarl of the cdilice 
in the centre indicated by tlie light, the stairs do nol 
reach beyond the third stage, and access lo the upper 
platform can only be gained by a movable ladder kept In 
ihe chamber of service. 

The budding is constructed entirely of rou^rlily dresseil 
granite from I'lle-Grande. The materials were prupariMl in 
a Mork-yard established in tlie little port of Logtiivy. cast uf 
the entrance of Tricux. A railway brought litem to a spccifil 
place of embarkation where they were loaded into lighters , 
which took them lo the very foot ot La (iroix. This Irans- 
porl did not present any dithculty^ for the sea is seldom 
dangerous in these |iarls, but the currents arc so violent 
that the journey backwards and forwards could only be 
accomplished at certain hours of the tide. The workmen 
employed in the construction could uot be subjected to 
these conditions, and they were therefore installed in n 
small vessel, anchored permanently near the rock. Once 
only, ibis vessel broke from her moorings, and was nhligeil 
to seek shelter in the port of Loguivy. 

The system of placing the materials in pusiliun is one 
of great simplicity, anil has already been employed in 
several similar undertakings. 

A loading derrick with an obhtjuc jih, was established 
on a projection of the rock in that part itf tlie channel 
where the lighters came alongside. It lifted ihe mnteriuU 
and deposited ihein bv a rolary movemenl on some points 
of rock levelled as a plHlbirm. Aimlher Miiiihir iliTrick na« 
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placed in the interior of the lighthouse tower, and secured 
by means of a framing, which was raised successively on 
the springings of the vault of each stage, in proportion as 
the construction progressed. 

This derrick was placed , not in the centre of the principal 
tower, but nearer the centre of the stair tower. In this manner 
the materials collected on the platform of deposit could be 
carried by tlie rotation of the jib to one tower or the otlier. 
very near the desired position. Besides, this arrangement, 
by leaving the central axis of the tower clear, permitted an 
apparatus of verification to be put up, formed of a radius 
movable round the centre, and which was marked from 
top to bottom of the construction by a plumb line. 

The stone-work was commenced in May i865, and 
tinished at the end of 186G. The only stoppage expe- 
rienced was in consequence of the tempests of this latter 
year, which for long intervals completely hindered the 
supplies of dressed stone. 

Excepting tho supply and preparation of materials, the 
works were entirely executed under the direction of 
MM. DujAHDiN, engineer in chief, and db la TniBONNiiRB, 
resident engineer, and under the assiduous management 
of iM. Bkaitgraivd. ronducteur. 



LIGHTHOLSE OF CKEAC'H. 



( ISLAKD OP OUE8SAINT. ) 



Drawings on u ^-ale ol' ••'".•ik 

TIr> foriiKir li)^l)iuu5(3 of Ct^ac'h was eMlabliitli(!ii on 
iLg easlerii extremity ol tbe island of Ouegsant. but lliu 
present ^^dilice is eri-ntt-d on (he western point, and is heller 
calfulated to indicate (du landfall desired not only by ves- 
sels wisliin^r 1(1 onler Brttsl, btil by the mojorily of those 
arriving from the open sea, and altemptini^ to make the 
nntrante of the Channel. 

The building consisls uf a tower liZ metres in heif^ht, 
front th(! level of ihe ground, and of suburdlnate liuild- 
ings runluininfr slonimoms, chambers resened for ciigi- 
iieerij, and three ludgings for iho keepers and llieir 
famiiicK. A covered passafje connects the to\ier wilJi llie 
ttBtbuildingh, Behind the buildings is a service-yard. 

The interior of the tower is a cylinder A metres in dia- 
meter., ID which is lixed u winding llighl of stairs in open 
work, romposed of i8'i steps and making altout live cir- 
cuits And a half. These stairs are lighted by eighteen win- 
dows, and Ihe ascent io the service room is continued by 
a cast iron ladder. A second ladder of the ^me material 
puts this chamber in communication with the lantern, (he 
diameter of which is also h melre.s, and ihe surrounding 
space is rovi-red willi marble p.iving. i.. ii ,;> .,t 
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The subordinate erections consist of a maiii building, 
49 metres in length by 7^,70 in breadth, and two wings. 

The keepers' lodgings are completely separated from 
each other. Each is composed of a kitchen, chamber and 
cabinet on the ground floor, with attics to correspond. A 
special stair-case for each keeper leads up to the attic be- 
longing to him, and each lodging has its private doors, 
opening on the front as well as on the service-yard. 

The reserved apartments consist of a chamber and ca- 
binet for the engineer, with the same accommodation for 
the conducteur. 

The lighthouse is supphed with water by means of two 
cisterns, which receive it from the roofs^. These cistems 
are situated, one in the front court, the other in the ser- 
vice-yard. 

Independently of these works which constitute the 
lighthouse establishment proper, and that have made the 
principal object of the undertaking, their accomplishment 
has required the execution of others of some impor- 
tance, that have not been included in the contract. 
Such as the construction of a small port, and the open- 
ing of a new road of 3 kilometres, to facilitate the dis- 
charge and transport of materials which arrive from the 
continent. 

The lighthouse of Cr^ac'li was established on a plateau 
of granitic rock previously levelled. With the exception of 
the basement, the cornice, and the window and door 
framings, it is built in rough quarry stone, covered with a 
layer of Portland cement. Up to the springing of the cor- 
nice, the nicusonry <)f the? to\^(^r was executed with mortar 
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of hydraulic iime from la Rochelle, but the capping of the 
ediBce was laid entirely in Portland cement. The dressed 
stones of the tower are in Kersanton granite , those of the 
subordinate buildings are in granite of the island. 

The stone-work of the tov^er was executed without anv 
exterior scaffolding; all the service of materials was done 
in the space occupied by the stairs, and no accident at- 
tended the work which was commenced in i860, and fin- 
ished in i863. 

The cost amounted to 363.696^5 1% including the 
lighting apparatus. 

The plan of the lighthouse was designed by M. db (mr- 
GARABBc, resident engineer. The works were executed under 
the direction of MM. MaItrot de Varennes, engineer in 
chief, and Rodssead , resident engineer. 

Gonducteur, M. Dblaguibnne; contractor, M. Tritsgulkr. 



XLI 

LIGHTHOUSE OF LE FOUR 

(pinistere). 



Drawings on a scale of o'"f09 and o'^oA. 

The lighthouse of le Four is situated on the most ad- 
vanced rock at the extreme north of the channel of this 
name, and is two miles west of the little port of Argenton. 
This rock, which is of very hard granite, rises to about 
9 metres above high tides, and any degree of agitation 
in the sea renders it inaccessible. In bad weather, the 
waves break so heavily and with such violence, that they 
dash above the lantern of the lighthouse, and have broken 
shutters of o'",()6 in thickness, which closed the narrow 
windows of the tower, during the execution of the works. 

The d^p6ts and yards for cutting and dressing the 
stones were established in the port of Argenton, whence 
the craft, which carried the workmen and materials to the 
rock, started when the weather and sea permitted. Steps 
cut in various places enabled the workmen to mount the 
steep and slippery sides, and a crane simple in construc- 
tion, and offering no hold for the waves, served to land 
the materials. 

The lighthouse consists of a tower, having an interior 
diameler of 'i"*,5o. and is erected upon a solid mass of 
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^toDe-worli levelled tii a metres abuve the high tidifs ol Ibe 
L'quinox, and embedded ii) tbe rock, the bifrbest points of 
which it completely envelops. The wall is ^".-ja in thick- 
ness at tbe base and i"',iS at the lop. The larmier pI' the 
upper cornice is supported by si\t<^en ciirbels. and above 
this is a parapet consisting of glabs u^.so in thickness, 
and arranged in pilasters. 

Above llie solid base, tbe height of the tower is a 2", 70. 
and at this point it is surmounted by a ten sided polygo- 
nal sheet-iron support for the lantern a"',/io in diameter. 
The focal plane thus exceeds, by ?t8 metres, the level of 
the highest tides. 

The masonr\' is in rubble work of granite, laid in « 
mortar-bath of Portland cement, with facings of dressed 
ashlar. Tbe steepne.ss of the southern declivity of the rock 
necessitated the greatest |>recautions in founding the light- 
house. Deep concentric redans were cut mlo the rock, in- 
clining towards the centre of tbe tow<'r. and a number of 
iron gudgeons. C'lD'y in diameter, bound the tirst courses 
of masonry together. All the stones of tbe string-course 
are also held with iron cramps, and a strong iron band is 
let in above the corbels of the cornice. The pilasters of tbe 
parapet are secured by bronze sockets. 

The lower is composed of a ground floor and hve upper 
stories. The ground floor, and tbe four stories above, com- 
municate by storje stairs, commencing at the end of the 
entrance passage. The stairs are lirst straight, then circu- 
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at the fourth story, from which floor the upper story and 
lantern are reached by means of wrought and cast iron 
hanging ladders, so placed as to occupy little room. 

The ground floor is divided into three compartments, 
the vestibule and two paved vaults , each lighted by a win- 
dow o",5o by o",2 5. The left vault contains a coal cellar 
capable of containing 5,0 oo kilogrammes, and filled from 
the stairs; also a force and suction pump for the supply 
of water. The right vault is the oil d^pdt. On the first 
story is the storeroom in which are twenty two iron tanks 
holding 5,000 litres of fresh water; also two coal bunkers 
containing together 9,000 kilogrammes, and placed on 
either side of the door, in the angles formed by the pro- 
jection of the staircase into the interior cylinder of the 
tower. On the second floor is the kitchen; the stove is 
placed in a niche from which a deep groove^ 0*^,80 in 
breadth by o"',^5 in depth, is formed in the wall and ex- 
tends to the upper platform. In this groove is fixed the 
copper chimney-pipe of the stove. The corners of the pro- 
jection of the staircase are utilised as two cupboards. The 
third story is the bedroom, in which are two beds and 
tuo cupboards, similar to those in the kitchen. On the 
fourth floor is the steam-trumpet room, but the trumpets 
themselves are above the service room on the fifth story. 
The ground floor and the two first stories are vaulted, 
as is the fifth; the former cylindrically, the latter spheri- 
cally. They are all in Bristol bricks except that of the 
fifth floor, Mhich, being |)ierce(l by the service stairs, is 
r»ntirely in granite. On the third and f(mrth stories, with 
the view of gaining spar**, a framing, consisting of seven 
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iiMii jilaU- i;ir(j''rs cross-braced, has been Kubsliluled lor 
llif vautliii);, and supfiorts small brick arches. 

Tlu! enlrancc door of the liglitliouse and tlie outer 
uindoKs are in oak. wilh a cofitin^] of boiled linseed oil. 
The interior windows, tloors, wainscot tramcs, room and 
cupboard doors, plinth;^ and cornice mouldings are in oak. 
waxed. The panels are pine, also waxed. The lower win- 
dows and ibe two lirst outer windows of the staircase are 
litted with dead-lights similar lo tliose used on hoard ves- 
sels. 

All the locksmith's work is in bronze, and mostly on 
bjiecial models. 

The trumpets, to which recourse is had in time of 
fog, and when the light is not visilile, are ordinarily pul 
into action by air compressed in a reservoir by means of 
a steam -engint'. In the present instance, want of spare 
precluded the adoption of this method, and another plan 
was followed, invented by professor Lissajoux. This appa- 
ratus, which is clearly shown in the drawings, consists 
of : I. Two vertical Field's boilers coupled, of a total of 
four horse power, a. A trumpet with apparatus for. pro- 
ducing a rush of air by a jet of steam. 3. A distributing 
machine moved by steam, opening and shutting, at in- 
tervals, tile communication of the boilers with the trum- 
pet, so that the sound is produced at tlic rate of one blast 
per five seconds. It. A clock regulating the sleam distri- 
butor. 

The sound of the Irumpet is conveyed through an iron 
cone, (lied in a circular opening formed in the west-soutb- 
l side .if llic l„«n- wall. The smoke of ihe fuel i.wues 
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through a copper pipe, joining the kitchen stove pipe, in 
the groove made for that purpose. The nece^^sary pressure 
of steam can be got up in twenty minutes, at most, after 
lighting the fires. 

The boilers are supplied with fresh water, and the con- 
sumption, with the cadence adopted for the trumpet, is 
about fi5 litres per hour. A suction and force pump, 
placed in the western vault of the lighthouse, pumps 
(resh water from boats alongside the rock, and discharges 
it into the twenty-two iron tanks placed in the first story. 
These tanks hold i,q5o litres, intended for the keepers, 
and 3,760 litres for the boilers, which are thus provided 
with sufficient water for 1 5o hours of work at least, without 
the supply being renewed. 

The water is raised from the tanks to the feed-reservoir 
in the trumpet chamber, by means of an injecting appa- 
ratus put in motion by a steam-cock fixed on the boilers. 

On the western coast of Finist^re the lights are numer- 
ous, in proportion to the difficulties and importance of 
navigation in these parts, and it was therefore essential 
to give to the lighthouse of le Four a distinctive character 
which should prevent its being confounded with any other. 

The lenticular apparatus of the third order, which 
makes part of the exhibition of the Ministry of Public 
Works, was designed with this view. To a fixed light for 
half a minute, there follows for the same period of time 
a light with eclipses, the intervals of which are fixed at 
3 7- seconds. The illuminating power consists of lamps 
with three concentric wicks, fed with mineral oil. 

The works of the lighthouse of le Four were undertaken 
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in 1869, and the light was kindled, for the first time, on 
the 1 5*^ March 187/i. 

The total cost of construction , including optical appa- 
ratus and steam-trumpet, amounted to 3o8,888^ si% 
and the expense per cubic metre of masonry, to not moro 
than t5o fr. 

The edifice was planned and executed by M. Planchat, 
engineer in chief ^des Fonts et Ghauss^es?), and M. Fk- 
Roui, resident engineer, and the works were directed by 
M. Bouillon, conducteur. 

The lighting apparatus was made by MM. Henry-Lk- 

PiOTB. 

The steam-trumpet is due to MM. Lissajoux and Flaud. 
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LIGHTHOUSE OF LA BANGHE, 



Two models on a scale of o",o4 (ouo twenty-fiAh). 

The lighthouse of la Banche was commenced in i8f)i. 
and the light kindled on the t5''* August i865. It is si- 
tuated west-south-west of the embouchure of the Loire, 
9,5po metres from the nearest land, i3 kilometres from 
Pouliguen, and 9 4 kilometres from Sainl-Nazaire, the 
only ports in which the materials could be prepared and 
embarked. 

It is established on the bank of le Turc, which at ebb- 
tides is only a few decimetres above the surface of the 
water, and forms part of the great plateau of la Banche 
extending from north-west to south-east, a length of 
7 kilometres, with a breadth varying from i,5oo to 
2, 5 00 metres, and separating the northern and southern 
channels. This plateau constitutes the most serious danger 
in entering the Loire, for at low tide there is only from 
1 to T) metreis of water, and it is thickly studded with' 
projecting rocks. Like all those of the second line of reefs, 
on this division of the French coast, it is formed of calca- 
reous rocks of the tertiary group. 

The currents are not very strong in the vicinity of the 
plateau, but when the great billows of the Atlantic roll in 
and break upon this species of barrage, without having 
previously encountered any obstruction to their course, they 
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uci|iiii'c sutJi violence, llial, during thi.' winlei tiint followcil 
the co(ii|ilcliun of the mu^ionry, masses ul' water uol only 
tiashed up to ihc top of the tower, and over the coFRlca 
wliicb jirujecls considerably, but dislocated, solid as it 
was, the frame-work of ihe ronical roof Ipiiiporarily fixed 
Ul) the building. 

The great distance of the lighthiiusr from the ports of 
embarkation of Lhe workmen and materials rendered it 
inexpedient lo return at'tisr each tide. This wnuld have 
caused ^reat expense and loss of lime; the small vesseU 
Iherefore, employed in the work of transport, anchored in 
the vicinity as frequent!) as the stale of the sea permitted. 
This little fleet consisted nf (wo lighters, of from ko to 
So tons measurement, a Utile steum sloop, of lo horse 
power, and three large boats, one of which was a life- 
boat. Craft of a larger tonnage could not h» employed , on 
Hccount of the necessity of startini; from the port of le Pou- 
liguen at I'vepy lidi'. iind of finding r''lu({c there in case 
of need. 

Unless in a calm altogether exceptional, lhe bank of Ic 
Turc can only be approached at one point on the northern 
side, and it was therefore decided to place the lighthouse 
in the neighhonrhood of this point. But upon commencing 
the foundations, it was soon perceived that what appeared 
to be the rock was in fact only an enormous mass of 
calcareous stones of ronsiderable size, which had been 
wrenched by the sea from the plateau of la llancbe, and 
cemented together by sand and mud. It was necessary 
however at any price to establish the foundation on the 
solid part of the bank, and this was onlj discovered at a 
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distance of c^h metres soutli of the point of dcbarkutiuu. 
and exposed to the full force of the sea. The depths varied 
from o'',()o to o"*.9o only, above the level of low spring; 
tides. 

The surface of this rock was hard, and without manv 
fissures : it appeared at least to ensure a good foundation; 
but when the excavations were commenced for the first 
courses, it was observed that in many places the rock be- 
came softer, and sometimes changed into a mass of cal- 
careous matters not solidified, and of the consistence of 
muddy sand. Under these masses, the rock was found solid 
at depths varying from o'",6o to «i"*,io; but numerous 
soundings showed that they did not constitute a continuous 
stratum, and that they only occu[>ied small cavities more 
or less important. In order to obtain the extent required, 
it was necessary to seek these intervals of solid with the 
greatest care, and to clear them from the detritus. This 
was effected at each tide by means of coffer-dams hastily 
constructed; most frequently of the seaweed close at hand. 
They were then packed with a mortar-bath of Portland 
cement to a depth, in some cases, 3 metres below the 
lowest ebb-tides. 

While these difficult foundations were being laid, the 
landing and conveyance of materials also occupied atten- 
tion. The various vessels employed could not be brought 
alongside (he southern part of the bank, and a dike was 
therefore formed across it. more than too metres in 
length, the lop of which was raised o"*,5o higher than 
the average level of the sea. and made sufficiently broad 
to allow a line of rails to be laid in order to convev to 
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llic Toot lit' llie lifjhlhousc the malerials hiiided at thi> 
Dorlliern point, wiieri' the vpssels could come alongsidf , 
and where a crane was established to discharge them. 
This dike, traced from norib to south, tan^entiall^ to 
a circle of in metres radius, concentric to Ihe tower, 
followed at it:; southern etilremitv this circle Tor ahout 
I 3o deprees, and protected the first port of ihe stune-work 
affainst the waves from the south-wesl, and against the 
lirst strpn|Tih of the rising tide. It was rjuickly executed 
with rough atones from ihc bank itself, laid with rapidly 
hardening; cement, and finished at the same time as ihe 
foundations. These last «ere cnmnipncnd on ihe i 4"' Mav 
1863. after two months of soundings and prcparalorv 
work, and at Ihe end of ihe season had attained a heirihl 
(jf t- metre above the lowesi tides. 

This result was only obtained bv remaining at the an- 
chorage as long as the sea permitted, in order not to lose 
one of the few hours available under the circumstances, 
and this proceeding ensured the comparatively rapid com- 
pletion of the underlakinf'. 

The lighthouse was planned according to the type of 
sen lighthouses of the third order, and was to consist of a 
stone tower, of which the ellipiic basement would rest on 
a solid foundation i'",6o in thickness. But, taking into 
account the unsatisfactory nature of the rock, il appeared 
expedient lo diminish the height of the l<iwer, and to in- 
crease ihe thickness of the foundation by 1 metre of stone- 
- work laid with mortar of Portland cement, in equal parts 
of cement and sand. This course of action was not diclatetl 
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the cube of the masonry remained evidenllv the same 
( 1,294™, 83 instead of i,*j98'".67), and moreover the 
pressure per square centimetre was already very small 
(i'*,68), but really to reduce the lever power tending 
to overthrow, exercised by the shocks of the waves, and to 
establish the tower on a veritable monolith , suflicientiv solid 
to withstand without damage the inequalities of resistance 
offered by the foundation bottom. The total height of the 
work is 96",52 5, and the focal plane of the lighting ap- 
paratus is 9i",925 above the highest tides, an elevation 
sufficient for the range assigned to the light. 

The tower includes a cellar, vestibule, kitchen, two 
keeper's rooms and a service room. With the exception of 
some minor niodifications of details, of which the models 
only can convey a correct idea, it is capped and arranged 
similarly to all other sea lighthouses of the third order. 

The threshold of the entrance door is only a metres 
above the highest tides, but as this door is placed on the 
northern side, and sheltered from the waves of the offing, 
the sea rarely reaches it, and never so violently as to ex- 
cite apprehension. It was only necessary to use means for 
the protection of the window, and to this end a thick cop- 
per shutter" is fitted into a bronze frame meeting the double 
curve of the basement facing. 

All the stairs are in cast iron with sheet-iron stringers. 
For the ordinary brick or stone vaulting, floors have been 
substituted, formed of strong girders of plate and angle- 
iron , of which the spaces are tilled with brick work. 

This plan was adopted not merely with the view of in- 
creasing the volume of air in the chambers, but to furnish 
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iiildilional Nii{)p(irt to tlic hollow pari of ihe tower, wliicli 
is also susluinetl by ihrc wroujjhl iron bnnds o",or)o in 
ibiiknessby o^.o-^o in brcadlli, eiiibcdilod in ihp iniisoiiry 
at diffurpnt levels. 

Tbc catadioptric apparatus jjivcs a fixed red light. 

The uppLT part of the foundatioD was executed in very 
hard granite froiu ihe quarry uf LavGu, which also sup- 
plifs the works at the port of Saint-Nazairi.'. The coroice. 
capping ol ihe lighthouse, and base of the lautern, are in 
line graoile I'rotn la Conlerie, near Nantes. In Ihe resl of 
the edifice, the coast granite was exclusively used iii the 
exterior as well as the interior facing, in the form of dressed 
ashlar, o",aa5 in height of course, o"',5o length of aver- 
age pendant (without gi'ing below o'",io), and o^./io lo 
o^.So in length, except for the framings of openings, 
which are ol longer dimensions. 

The works, transport and setting of materials, were 
executed entirely oen ri^gie". 

The cost amounted to 37i,a8n'.85\ including llie 
lighting apparatus. 

The lighthouse of la Banche was planned and mceuled 
under the direction of M. Chatoney. ihen engineer in chief 
ndes Fonts el Chaussiiesn . by Vl, Lkfhkhe, engineer ndes 
Pouts et Chaussees w. 

The works were conducted bj MM. S.ar,r.v, rondurlenr, 
and lluTAT. secondary agent. 
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LIGHTHOUSE OF THE BARGES. 



Three models on a scale of o^'^itfi (oue Iwenly-fiflli). 

The lighthouse of les Barges is one of the third order, 
and shows a white light, varied at intervals of three mi- 
nutes by red flashes. It is 9,100 metres from the coast, 
and is situated on the west of les Sables-d*01onne, on 
the plateau of ihe great Barge d'Olonne, which is about 
600 metres in length by 3oo metres in breadth, and is 
entirely under water, with the exception of a few points 
emerging here and there in isolated groups. 

Luminous range t & milles. 

Height of focus ahovc flood-lides a3",oo 

Height of focus above foundation bottom 37^,50 

The cylindrical tower is 9 A"', 81 in height above the 
rock, not including the turret of 9 metres. It is solid, and 
has elliptic facings up to U metres above the highest tides, 
or 8"',5o above the rock, where the hollow part com- 
mences. The basement is 1 9 metres in diameter at the 
base, and Cy'^'.^^o at the upper jKirt. The hollow part is 
i6",3i in height and 3"\5o interior diameter: and the 
walls are i'",5o in thicknei>s at the base and o",77 at 
the top, which constiUites a diininulion of o'".o/iI> per 
niotre. 
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At Barfjvf' iht* [i(l>.' rurreiil-s aiv uol vcrv sli\)iif>, liul 
iJir viulciic).' of Uio ava is sucl) ibiil ihc spray goiueliwos 
ri-scfi lo a liui^il ol' more (luiu 3o aielre.s, and fatls on llie 
rupoia. Tliis reasDD dicUled the espedicncy of so largt* 
^111 I'xleiit of baseiiient. iilso Uk L>\i'cutioii in solid niu- 
-uiirv uilb laciii^^s of dres^od (rranili-, fasleiicd liy lenons 
>ind TiiortUtis. 

The entrance door, lo which access is (gained by a lad- 
der lei into llie masonry, is placed i metres ahove ihe 
lii);hesl tides. At this level coiiitaences the hoUoK lower, 
the walls of which arc entirely iu roughly dressed granite. 
Il is divided h> hrick vaults into live iil.oj'iet> connected 
by stairs; in stone lor the lower story, aud in liJsl iron foi' 
llie othttri. A double cincture in bronze consolidak's the 
lower I'roni ibe upper vault. 

A cellar containing waler-lanks. a coal-bunker and ;i 
liepot lor various articles, lias been formed ia the base- 

^. 

^■flUlc foundations presenled very great dilhcullies. ilwas 
ttot found practicable lo [)ldt'e the ediUce on tlic point most 
I'levaled and mosl coiivenieni for approach, as in that 
place (he rocks were detiicbed and full of fissures. This 
4-ircuiiistance compelled ihu adoption of a site niosl exposed 
lo the !iea, and of whicli Ihe average level was only o^iio 
iibovtt low spring-lides . and ©".So below low neap-lidet^. 
The irregular I lies of ihe surface, iind the inclined veins 
ihal il presented, led lo the first course of ihe facing being 
lelo^.a^ lo o"',3o into ihc rock, in order lo prevent slid 
iii^. Two seasons were rei^nired to accomplish the level)' 
, fhose of 1SJ7 i.od iKr.S: al flu- same \uw U oiigbl 



I 



^ 



204 LIGHTUOUSE OF THE BARGES. 

to be mentioned that the rock is of extremely hard gra- 
nite, so that not more than twelve stonecutters could be 
employed at once, and that the number of actual working 
hours was only thirty-eight in 1867, and forty-five in 
i858. 

The necessity of protection from the waves was recog- 
nized from the commencement of the works, and for this 
|)urpose two jetties were constructed, one of which is 
75 metres in length and 3 metres in breadth, with the 
top made flush with the level of high neap-tides. 

The stones of the first four courses were landed and 
set by means of temporary appliances . consisting of a land- 
ing crane, let into a post fastened to the lighthouse, and 
a setting crane, movable on a circular plate fixed in the 
central stone-work. 

In the month of July i85(). more powerful apparatus 
was put up, consisting of a safety top and lifting sheers, 
which served to raise the stone-work of the basement to 
the level of high neap-tides: but in the month of October 
following, the whole was carried away by a tempest of ex- 
traordinary violence. 

In 18G0, it was necessary to have recourse to neu 
machinery, prepared during the winter, and comprising a 
landing crane, a setting crane, and a crane for lifting 
and setting, for the construction of the hollow tower. 
These different ap[)liances are represented in tlie model. 

All the masonry, except one part of the interior of the 
.solid basement, was executed in Portland cement mortar, 
in the proportion of 1 part of sand to 1 of cenient for 
the dressed stones, and *> of sand to 1 of cement for ih*' 
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rough stones and bricks. The fifling in of part of the ba- 
sement, below the level of the highest tides, was effected 
with rapidly setting cement mortar from the isle of Rd, in 
the proportion of i part of sand to i of cement. 

The works were commenced in 1867 and terminated 
in 1861. During these five seasons the workmen were 
able to land 366 times, and in all to work at the light- 
house 1,960 hours, and at the jetties 3o8 hours. 

The total cost amounted to 65o,ooo francs, of which 
sum nearly 80,000 francs were for accessory works. 

The lighthouse of les Barges was planned by MM. Pbtot, 
engineer in chief, and Langelin, resident engineer. The 
construction was carried on under the direction of M. Fo- 
RBSTiER , engineer in chief, of M. Legkos, resident engineer, 
from 1857 to i858, and of M. Marin, resident engineer, 
from i858 to 1 861. 
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LIGHTHOUSE OF LA PALMYRE. 



Drawings on scales of o^.oa, o'",o/i and o"',ao. 

Towef* and dependencies. — The lighthouse of la Pal- 
niyre is situated in the middle of the downs on the right 
bank of the Gironde, and five miles inland from tlie point 
of la Goubre. (Concurrently with the lighthouse established 
on this ])oint, it is intended to point out the first line of 
direction at the entrance of the northern passage of the 
embouchure of the river, also to enable vessels to avoid 
the bank of la Mauvaise, of which the slow and steadv 
progress north-north-east, has led to an alteration in the 
lino of beacons formerly placed in this passage, and which 
had become dangerous. 

It was not considered expedient to erect a building of 
stone in ihis place, partly because of the dilUculties pre- 
sented by the transport of materials, and partly on ac- 
count of the probability that ultimate changes in the 
channel of the passage might necessitate the removal of 
the lighthouse to another site. This latter consideration had 
already suggested the employment of timber in the con- 
struction of the great lighthouse of Pontaillac, in the same 
district. It >vas therefore decided to erect an iron touer, 
after a neu system invented by M.Lecoinlre, engineer dc 
la Marine and of lh(» Mediterranean (lompany of Forges 
riiid \\ orkshops. 
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The shoft of the towti' cODsisls of nine ryliiitlrical 
lubes, each t'',So in hcif;hl, fitted one upon the other, 
and fnrmtiij; a slniroast! q metres in the interior diameter. 
These tubes, ^ tons in weight. are composed of .six plates 
'if iron o^.O! in tbicitness. hound logelher by exlerioi' 
vertical cov»;r-plales , riveted, and bordered at tliclrupper 
and Inwer extromities by two angb'-irons ii£iil32, riveted 
on these plates. Bolts fasten i-nrh lube to the preceding 
:ind succeeding Eulies. 

In each division of the pillar the stairs are lijjbted b} 
{1 small window, an<l are composed of sixteen slc|)s in 
striated iron plate, o'°,8o in average length, fastened to 
two rows of angle-irons, one of which is bxed to the in- 
terior of the tube, fuid the otlier to a boUow c:ytindrical 
newel, ho centimetres in exterior diameter. 

The nine tubes form n |)illar nb'",90 in hei^t. hav- 
ing a solidarity with the foundation, which consists of 
iioDcrt^tc 3 metres in thicitness. run into ihe sand of the 
down on which the lighthouse stands. The lube iis con- 
nected with the foundation , both at the top and at the base. 
Tor this purpose. Hanged cast iron shields or plates, em- 
bedded in the lower part of the concrete, serve as points of 
bolding for bolls, which traverse the whole thickness of the 
fnusdation. The heads of these bolls ore ftxi'd in the 
plates, on the one part, at ihe base of the first lower 
lube, by riveting, and held on the other part, bv a double 
system of screw nuls. This plan of eonnectinf; the base of 
Ihe lower with its fminilation. is idso employed to atlix^h 
iht! (Mil tippei liilii". Ill' llii< rolnrnn In tin- same solid mass. 
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Witb this view, two tubular iron struts are riveted b\ 
means of elliptic angle-irons to the eighth and ninth 
tubes, and are fixed to the plates in the same manner as 
those that sustain the column. 

The plane of the mass of concrete is in the form of an 
equilateral Y, of which each branch is 4 metres in breadth 
and is terminated by a semi-circle, having its centre at 
5 metres from the axis of the tower. The central pillar is 
maintained in position by six bolts, 0^,07 in diameter and 
3°*,67 in length, and rests upon a vertical monolith socle 
o'',4o in height. The axis of each of the three struts meeLs 
the surface of the concrete in the centre of the circumfe- 
rence which terminates each branch of the Y. These struts 
*are fixed at their base to four foot-plates, by means of a 
similar number of bolts, 0^,07 centimetres in diameter 
and 3^,67 in length, held, in the same manner as those 
of the centre, by cast-iron plates. These four foot-plates 
rest on a cylindrical socle, forming one with the solid 
concrete, and of which the surface is perpendicular to the 
direction of the strut. The foundation bolts are respect- 
ively parallel to the struts which they fasten. The cylin- 
drical lengths of the struts, and of the newel of the stairs 
are jointed to each other, so that the upper extremity 
of each division is covered for about o"*, 1 0. of its length 
by the lower portion of the part surmounting it, and 
these junctions are secured by rivets. 

The column occupied by the stairs has above it a cylin- 
drical construction. /r\2 in interior diameter, which is 
divided into three parts : service room, apparatus room and 
roof. An exterior gallery, ()"*,<)o in breadth. aiTords from 
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ihc borvicL- niotti , <i |)i'i>ni<'n(i(k' nuind llio vtliticf. and is 
sii[>portP«l by briitkels; rl hiisalson gunrit raiiorshoel-iron. 

This upper part is composed of twelve shoeLs of iron 
joined togellier in the inleriop by vertical angle-irons. 
Kiich of these cylindrical segmeuU is covered by a panel 
in teak o^.o^i in thickness. The service room is 3 metres 
in height: it contains the cylinder of the stair landing, a 
small room for the keepers and a little storeroom ; a wrought 
iron ladder pnts it in communication with the light room, 
A small outer gallery is placed below this last room, to 
facilitate the daily cleaning of the glass through which ihtf 
luminous rays pass. A perpendicular tube in sheel-iron. 
o^.So in diameter, allows access from the light room lo 
the lop of the roof, and by passing through a man-hotn 
the necessary repairs can be executed. By means of hooks 
lived in the roof, and of apertures in the floor of the lower 
platform of the lantern, an exterior movable scaffoldinf; 
ran be established for the purpose of renewing the paint on 
ail the surfaces of the tower, in order to prevent oxidation. 

The keepers' house and the out buildings dependent 
upon the establishment are constructed on the abrupt 
declivities of the down, a short distance from the light- 
bouse, and are in brick. The light was kindled for the 
lirsttime on the i" September 1^70. 

The cost amounted to the sum of i3/i.a(i8 fr. a5 rent. 
divided as follows: 

Dud of iirci'M ■J7,7a»',3« 

■ ^wndaliu[iB, keepers' buuite ami oiil builJiu|pt. . ag.gSS ,87 

n lower ;6.58o ,Ho 

,. ,,, I T«»«l.. .....,,„,,.. iy.'i,s68',55 



•J70 LIGHTHOUSE OF LA PALMYKE. 

Liffluing apparatm. — The luminous rays of the lighl 
of la Palmyre are concentrated in an angular space of 
/|5% and show red and green alternately, during intervals 
of twenty seconds, without the interposition of eclipses. 
The apparatus is composed of a dioptric and catadioptric 
lens with a tixed light, embracing an angle of 1 5o% also 
of a catadioptric reflector placed in the opposite angle to 
the preceding, and two groups of vertical prisms arranged 
in front of the fixed light, in the space on each side of 
the centre, and outside the angle to be illuminated. These 
elements have been calculated in such a manner as to 
concentrate the rays proceeding from the fixed light, and 
to distribute them as uniformly as possible in the useful 
angle of li 5*. 

Between (he fixed light and the vertical lenses, is a cir- 
cular screen formed of three sheets of glass, each com- 
manding 7 5"; the two outer sheets are red, the centre 
one is green. The mounting or frame bearing this screen 
receives an oscillating movement, by means of which the 
light passes rapidly from one colour to the other, and re- 
tains, during a given time, a constant tint. 

The apparatus is placed u[)on a plate and cast iron 
socle, in the interior of which a machine moved bv a 
weight gives a uniform rotary motion to a vertical shaft. 
The regularity of this movement is ensured by a Foucault 
regulator. On the shaft is fixed a horizontal plate having 
a groove formed of two arcs with different radii , con- 
centric to the vertical shaft, opposite to each other, and 
connected by waving or sinuous lines. A little roller, 
attached to th«' oscillating support of the screens, pene- 
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liale^ into this gruovt' imd rtitDiiins iiiLitioiile!^»>. so long us 
il is in out- of tiic circuUir parb. Bui when the rolary mo- 
tion of ^18 shaft brings the roller in contact with one o[ 
the lines of junction, it is compelled in move until it ar- 
rives at the othor arc, wher<> it remnins immovable as 
before. 

By ueans of this arningemenl it follows that iho screen 
describes an angle of ya" in four seconds, that il remains 
withoot motion sixteen seconds, that it afterwards performs 
a ruovemenl of oscillation in the reverse direction , and ro- 
mains immovable as before, Thia movement brings succes- 
sively before each part of the light, now Ihe greon, now 
one of the red screens, in such a manner ns to produce the 
Lind of light designated. 

The illumination is produre<l by a mineral-od lamp, 
having a burner with three \\icks. 

The engineers were MM, Leodihiiib. engineer in chief 
of the Mediterranean Company of Forges and Workshops. 
Maxcbcgay, engineer in chief ndcs I'onls et Ghauss^esn, 
and Lasre. resident engineer. The lenticular a|iparatus was 
composed and calculated by M. Aulard. enguieer in chief 
ddes Fonts et Chauss^sn. The apparatus and rotary ma- 
chine were eseculiid by MM. L, Sautter, Lrmonnieh and 
Company, lighthouse conslriirlors. i'tiris. 
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Drawings on a scalo of (»'",o4. 

The embouchure of the Gironde presents two distincl 
passages, tending eastward in directions nearly at right 
angles to each other. The northern passage is wide and 
deep, and most used by vessels; the other, the southern 
passage , though less practicable for navigation . offers great 
advantages, even for ships of large tonnage, when vessels 
enter it with the wind in the south and at the turn of the 
flood-tide. 

The two lighthouses of Saint-Pierre de Royan and du 
Chay, distant from each other a kilometres, are intended 
to light the latter passage, and to replace advantageously, 
on the right bank of the river, two of the old beacons, 
which were only useful during daylight, in order that no 
confusion might occur in these arrangements for the safe 
navigation of the embouchure, which was already pro- 
vided with a great number of lights, the two lighthouses 
in question only illuminate an angular and limited space. 
The apparatus is placed in the upper chambers of the edi- 
fices, in front of windows opening in the direction of this 
passage, and consists of spherical reflectors which throw 
back the luminous rays from the focus upon lenses cca 
Echelons », of which the parallel optical axes are situated 
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ill ihe verticil plane ol' the line of dirt-'Clion required. 
There is only one apparaliis in ihf lifrhlhousr of le Chay. 
while there are two in that of Sainl-Pierro. on actounl 
of the greater dislanro of tJic towpr. All ihi-se lifjhls are 
red and liised. 

The ediliccK consist of glone towers, of a rectanf^ular 
form, and the interior arrangements are the same. The 
most important is (hat oF Saint-Pierre. 

The plan ol" this hnilding is that of a pcrfecl snuiire. 
Ihe meesuroment of which is 5 metres throughout thi^ 
whole height of the lower. A small parlv wall of ao cen- 
timetres serves as string-wall parallel to the exterior, and 
separates the staircase, of whirh ihi; breadth is a metres, 
from the reserved rhamher on each story on the side of the 
facade. 

These rooms are eight in numher. including the 
j;round-floor, and are consmjuenlly a^.Ho in brendlh by 
5 metres in length. 

The ground-floor serves at the same timi; lor vestibule 
and reception room ; the oil room is on the first story ; the 
a"'. 3"', i"' and 5"' stories constitute lodgings for the 
keeper and his family: the service and li|,'ht rooms are 
in the upper part of the building. 

This edifice is intended to serve as a landmark during 
the day. and to render it more clearly visible, and obviate 
at the same time ihe.posi-ihility of confounding it witli the 
steeples of Ihe town of Royan, the upper part has been 
enlarged by means of wing walls, corbelled out i".5o on 
each side. Iti addition lo this, it is covered with broad 
lionzonlitl bandh. allerniilely red and wliile. The ?iignu! on 
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iho (o|) of the towor stands out cijjaiiisl the sky. ami is 
painted entirely red. 

This light was kindled on the i5*'' Juno 1873. 

The plans were drawn up by M. Retnadd, inspeiioi 
{joneral, by M. Lasxe, rosidonl en{;inocr, under the dirrr- 
tion of M. MAnciiEflAY, engineer in chief. 

The works were conducted bv M. Sauvion. ?'.condurteui 
des Ponis et (Ihanssoes^. 



I.IOHTHOUSE OF AB-MEN. 

Orawiiigs iin sealwof ii",niri nnil o*",!'!. 

3ie island of Sein is sitiiaU>H or ihc western extremity 
•>r the depiirtment of lo Finisl^re and exLends in a weflt- 
"rly direction by n succession of reefs, to a distance of 
nearly 8 miles from (be Island, and lower proportionttbly. 
The tops of some are elcvnlod nbove the hifjbest Itdes; 
olliors arc altrrnatnly above and below the surface of the 
watiii-, while the jjfealer number are always submerged. 
They ronsliliile a sort of Imrrajje. tlio direction of which 
14 nearly perpendiculsr to that of the lidc-currents, and 
ihe sea almost con)<lantlv breaJcs over ihem with extreme 
violence. 

This singnlnr genlogicnl fnrmation, known by the name 
of the causeway of Sein, has acquired n sad relebrity 
nmon)[st nautical men. and in iSaa il occupied llie atten- 
tion of the Commission ap]>ointed lo elaborate our system 
of maritime lighting. 

The plan adopted, and at that lime il was im|)Ossible 
lo propose a heller, consisted in erecting two lighthouses 
of the first order : one on the point of le Raz, the other 
on the island of Sein, lo mark the direction of the 
causeway. Mariners are clear of danger, and know on 
which side they are, when the li[^hts olien out from each 
other. On the other hand, when the luminous points are 
rn'arlv in the sanv line, il wainH Ihem lo make a greater 
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ofTing, to avoid striking on the reefs. But nothing enabled 
them to judge of this distance, and it does not requiro 
a very thick fog to prevent the lights from effectually 
indicating the limit of danger, and in such a case they 
arc of little use. For this reason the causeway of Sein 
continued to be the scene of mournful disasters, and the 
former system of lighting had only the effect of reducing 
the number of wrecks, while our navigators for whose se- 
curity so many precautions are taken fit the present day, 
complained at different times of this state of things. 

In April 18G0, the Lighthouse Commission demanded 
that the subject should be properly investigated, in order, 
to know if it would not bo possible to erect a lighthouse 
of the first order on one of the rocks not covered by the 
sea, and as near as possible to the extremity of the cause- 
way. The idea was approved on the 3"* June follow- 
ing, and the first surveys of the locality were confided 
to a commission composed of engineers and officers of 
the navy. In July of the same year, this commission had 
made a careful examination of the local conditions, and 
had ascertained that the heads of three rocks emerge from 
the water near the extremity, even in strong tides. Of these 
rocks, which bear the names of Madiou, Schomeur and 
Ar-Men, the two first are nearly covered, while the third 
rises to about i^'jSo above the lowest ebb-tides. The state 
of the sea had not permitted them to go alongside Ar- 
Men, but its dimensions appeared insufficient for the con- 
struction of a greaf lighthouse, and it appeared impossible 
to land, however favourable the weather might be. The 
commission were therefore unanimous in proposing as a 
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site the rock Neurlacli. wliicli is situated 5 inilcs inwanlti 
from the extremity of the causeway. This idea was repu- 
diated by the Lighthouse Commission, as not tending to 
iiraeiiorate the existing state of things suQiciently for the 
requirements of navigation, and the Ministry of Marine 
was requested to command a thorougli hydrographic ei- 
ploration of the extremity of the causeway. 

Various circumstances retardeil ihti execution of this 
work. In i8li6 M. Ploix, engineer and hydrogra[)her, was 
sent to the spot, and if he was not able In guilier all the 
information necessary, still his invcslifjalions enabled tho 
Commission to decide upon a plan. M. Ploix arrived at 
the conclusion that Ar-Men was the most pro[>er site. «|( 
is a work.r said he. ^exceedingly diilicuit. almost im- 
possible, but considering the [laramount importance of 
lighting the causeway, we must fry the' impossible. » 

The currents passing over the causeway of the Sein are 
in fact most violent; their speed in high tides exceeds eight 
knots, and in the calmest weather they cause u strong 
chopping sea, and render the water very rough as soon as 
a breeze from an opposite direction meets them. There is no 
land to shelter the rock against winds from between the 
north and east-soutli-east. round to the south, and it is 
only possible to go alongside during very gentle winds 
between north and east. 

To anchor a floating light at the extremity of the cause- 
way bad been recognized to be impossibli', as much on 
account of ihe great depth of water, as in respect of the 
bottom being thickly sluddcd with rocks, aionnd which 
the holding ciilili' woubl be entangled. .:. '..,.. •..>., 
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Neither was it possible to eniertain the idea of esta- 
blishing an iron structure resting directly on the reef, 
since boring holes o^^iS or o'^ySO in diameter, that 
would be necessary for embedding and securing the stan- 
dards, would be one of the longest and most difiicult oper- 
ations. It was also observed that the principal planes of 
cleavage were vertical , and it was to be feared that the 
structure would not resist the shocks it would have to 
support; and it would be almost impossible to land the 
different pieces of the iron framing, necessarily heavy and 
difficult to handle, and finally there would be the risk of 
losing several before succeeding in putting them in posi- 
tion. Taking into account these various considerations, 
the Lighthouse Commission , in its sitting on the a 9^ No- 
vember 1866, gave an opinion that a solid foundation 
of masonry must be established on the rock Ar-Men, and 
that it must be of such dimensions as would be suitable 
for the ultimate construction of a lighthouse. 

Neither the Commission of i860, nor the engineer 
hydrogrophers, nor the engineers of the department, nor 
their sailors, nor the director of the Lighthouse service had 
hitherto succeeded in landing on the rock. M. Ploix had 
not been able to get nearer thiin i5 metres; but M. Joly, 
engineer, was more fortunate, and the sketches that he 
took, and afterwards finished from the descriptions of the 
fishermen, gave the starting point of a system of con- 
struction. The dimensions of the rock were ascertained to 
be 7 or 8 metres in breadth by 1 9 to 1 5 metres in length, 
at the level of ebb-tides; also that the surface was very 
unequal and divided by profound fissures, and that, while 
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ulniosl ))or|jei)dicular on tlic eu.sleru eidc, lUviv was u 
gradual slope uii Uie nestern. ShorLly ulWwartls, ibe syu- 
dic of ihc blunders aiiaouiicdd lliat a frcsli uUmujU, oiadu 
under favourable circumstiinces . liad met wi[li succesM, 
and he forwarded a specinien, wbicli showed iho i-ock lo 
coiiiiisl of a (jncisii tolerably hard, exce|)l In bouie \iuTla 
wburo it was decomposed. 

The lolIowii]|j mode of construction was llierufore d(^ 
tided upon, viz., lo bore boles io centimetres in depth, 
and one luoire apart, all over the site of the intended edi- 
tice, and some other boles outside this limit, in order to ' 
bold the rinfjbolts necessary for craft coniinjr alongside, 
and lo fasten the shrouds. The object of the lirsl set ul 
boles was lo receive wrouj;ht iron yudgeuns, to lix liie 
masonry lo ihe rock, and to make the construction itseli 
serve to hind the dliferent parts and fissures, and thus 
consolidate a base the precarious nature of whii-b gave 
rise to some misgivings. 

It was propoeed thai in addition (o these gudgeoua 
ulbers should be added, and strong iron chains inlro- 
duced horizontally into ihe masonry, in proportion to its 
progress, so as to previ^nt any possible disjunction. 

Kiir ill'' work of boring the holes , the services of Uie 
lishermcn of the Isle of Sein were called into requisition, 
since their calling familiarised them with ull tlic rocks ol' 
tile causeway, and tfioy were in a position lo lake advan- 
tage of every I'avourable opporlunily. Aftor many dillieul- 
Itoft, they accejiled a conlracl, the Governoienl agreeing lo 
fnraish tools and lirc-h'-lls, 

I iStI- ihev went vigorously lo work, and hastened 
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to avail themselves of every possible chance of working. 
Two men from each boat landed on the rock, and pro- 
vided with their cork belts, lay down upon it, holding 
on with one hand and using the jumper or hammer 
with the other; they worked with feverish activity, the 
waves constantly breaking over them. One was carried 
off the rock, and the violence of the current bore him a 
long distance from the reef, against which he would have 
been dashed to pieces. However his life-belt kept him up, 
and a boat went to fetch him back to work. At the close 
' of the season, seven landings had been effected, and eight 
hours of work accomplished, during which, fifteen holes 
had been bored in the highest parts of the rock. It was 
the first step towards success. In the following year greater 
difficulties were encountered, since it was necessary to 
commence on the point hardly above the surface of the 
water; but the experience gained was valuable, and a 
higher rate of remuneration gave additional encourage- 
ment to the fishennen; the season was favourable, sixteen 
landings were effected, eighteen hours of work accom- 
plished, forty new holes bored, and they even succeeded 
m partially levelling and preparing the work for the first 
course of masonry. 

The construction, pro|>erlY so called, was undertaken 
in 1869. The galvanized wrought iron gudgeons, o"',o6 
square and 1 metre in length, were fixed in the holes, and 
the masonry was commenced with small undressed stone 
and Parker-Medina cement. In fact, a cement of the most 
rapidly hardening character was essential, for the work 
was carried on in the midst of waves breaking over the 



LIGHTHOUSE OF AB-MEN. 281 

rock, and which sometimes wrenched from thi: hand of the 
workman the stone he was about to lay. An experienced 
sailor, with his back against one of tlie iron stanchions, 
was always on the walch, lo give warning of sucli waves 
as were likely to sweep the rock, when the men would hold 
on, head to the sea, while it washed over them. On the 
other hand, when he announced a probable catm, the work 
went on with great rapidity. All the workmen were sup- 
plied with life-belts, as the (Ishermen had been, as well 
as with spikes, to prevent slipping. The conductor also 
and the engineer, who by his presence always encouraged 
the workmen, were similarly furnished. 

Even opportunity presented by an esceptional state of 
the sea was embraced, and a small steam sloop, carrying 
the workmen and the quantity of materials for the work 
of a tide, started from the island so as to arrive in sight 
of the rock at about four hours of ebb. But there was not 
always the calm weather calculated upon, and the day 
was sometimes lost. When a landing was practicable, the 
stones and small bags of cement were landed by hand, 
and care was taken to dress the suHace of tiie masonry 
before commencing a new course. It is unnecessary to 
add that the cement was employed pure, and mixed with 
sea-water. 

At the close of tht season of 1869. twenty-live cubic 
metres of masonry had been executed, and thcHe were 
found intact the following year. 

At the present date, the cubic contents of the masonry 
are i5i",85. rising to a level of a'',t>o, above the highest 
lides. The success of the undertaking may Iherefore be 
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looked upon as assured ^ and ot this stage, the work ujay 
be expected to advance more rapidly. 

Since 1871, Portland cement has been substituted for 
Parker, the resistance of the former to the decomposing 
action of sea-water being ascertained to be superior to 
that of the latter; and the stone-work at the foot of the 
building will be preserved by refilling the interstices, and 
perhaps by a continuous covering of the same material. 

From experiments upon the cohesive qualities of the 
mortar and the stones found in the vicinity, it was observed 
that the amphibolic or hornblende rock of Kersanton was 
superior in this respect, as in many others, and it was 
therefore exclusively employed in the execution of the ma- 
sonry. The facing stones are scappled, whilo those for the 
filling in are as they come from the quarry, and. all are of 
small dimensions. The galvanized wrought iron gudgeons, 
tie-bars, and bands, are deeply embedded in the stone- 
work in order to prevent disjunction. 

According to the project recently adopted, the light will 
he of the second order, witli a flashing light, and the focus 
will be elevated a 8 metres above the level of the highest 
tides. This limit might have been exceeded, so as to admit 
of a light of the first order, but for the insufliciency of the 
base, and it was necessary above all things to ensure the 
stability of the edifice. The solid part constituting the base- 
ment will be continued with the diameter of y'^.Qo, up 
to the level of high tides, and with that of (>"*,9o for the 
three following metres. The limited extent of the rock 
necessitates thase small dimensions. The interior diameter 
will vary from 3 metres in the lower to 3"*,4o in the upper 
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part, by meuns of Hucceasivc olT-geU, and liie tluckiiutis of 
itie wall nill iliminisli from i^.^o, level witli llie I'ntrance 
door, tu o'",8o below the cornice of ihe ca|)pii)g. There 
will be ci^bt slorics in the cdilicc, one of which will be 
devoted to a sounding apparatus to indii'nte (be [lositioii 
of the bgblhouse during a fog. 

The annexed table, whil« reproducing some of liie 
figures already given, shows the principal facts relating 
to tlie works executed, couiiuencing from iStiy. 
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This work was conceived and planned in what ii> es- 
sential by M. L^onrc liRVNAUD, director of ihe Liglilbousc 
service. In the first instance, it was carried on under the 
direction of M. Pl«]iicu*t, engineer in cliid', and afterwards^ 
under llial of M. 1''i!noi\. engineer in chief, by MM. J(ii,v, 
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from 1867 lo 1868, Cahkn, from 1869 still iSy&^aiid 
Mbnoin, from 1875. MM. Lagroix, principal conducleur. 
and Phobestbau , conducteur, have been successively charged 
with the superintendence of the works. 

It is to be regretted , since it would only be an act of 
simple justice, that to this list cannot be added the names 
of those brave sailors and Breton workmen, who, uncon- 
scious of their claims to admiration, have, by dint of energy 
and earnestness of purpose, ensured the success of an en- 
terprise, bolder and, it might be said, more rash than any 
preceding undertaking of the same nature. 



TURRET AND CAMtrU.ABRUM 



FOR PORT LHiHTS, 



Twu nioJols on a sralc at ~. 

The arrangeinenis of this lurret are such as lo realise 
B mode of constpuclion al once simple and economiral, 
ant] ojTering at ibesame time great facilities for transport 
and erection. 

It rests upon a cast iron plate in a simple piece, and 
is attached hy live bolts either lo masonry or lo [he frame- 
work of a jetty. 

It consistti of a riveted shoel-iron cylinder, r°,io in 
diaineter and 6'",/io in length, with striated shecL-tron 
stairs inside, supported by a cast iron pillar or newel, and 
riveted to the cylinder by means of angle-irons. The cyl- 
inder and stairs form one, and are not taken lo pieces. 
The length does not exceed the limit spccilicd in the rail- 
way tariffs of carriage, and is easy to manage and raise, 
by moans of a winch. 

Cast iron llangcs and brackets, bolted to the cylindej'. 
support an open-work cast iron gallery with a wroughl 
iron balustrade , and u cylindrical sheet iron cylinder which 
carries the lantern. These coniplele the tnrret, properly so 
called. 

The lantern is in bronze, it has cylindrical glasses, and 
is surmounted by a copper cupola. 

At die hase of die randelabnnn , up-m which is placeil 
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the apparatus for lighting, a rovoWing cast iron, landing; 
place enables the keeper to clean the glasses without ob- 
structing the passage of the stairs. 

The cylinders being placed in position by means of a 
winch, the other parts, which are comparatively light, 
are easily raised by a tackle suspended from a .beam pro- 
jecting from the toj) and firmly attached to it by ropes. 

The weight of the turret proper, the foundation plalo 
and upper part, is about 6, Boo kilogrammes. 

The cost of the construction, including the lantern, 
glasses, and candelabrum supporting tho apparatus for 
lighting, is 9,900 francs, in Paris. 

The candelabrum enables a port light to be placed at 
the extremity of a very narrow jetty, where it can be 
hoisted to a height of 8 metres during the night, and 
locked up in a sheet-iron cabin during the day, till the mo- 
ment of lighting. 

This cabin bears two uprights in sheet iron, at the top 
of which is fixed a pulley mounted in a cast iron block. 

Two half-round wrought iron guide rods are held at 
the top by the side of the uprights by two iron arms, and 
at the bottom, by a table in sheet and wrought iron which 
projects outside the cabin. 

The -apparatus is rolled on to this outer table, when it 
is necessary to hoist it, and is provided with ears which 
run on the iron guides during its ascension. 

The front of the cabin facing the service table and 
the guides is pierced with an aperture suffirienlly large 
to admit the lantern, and is closed by two shutters open- 
ing inwards. 
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Abovf this aperture, and insiili- lite rnltiri, is Ihp litllo 
fiist iron winch, with brake, rRitnd whirb wintls ibo rhiiiii 
lor hoislinp. 

An inlerior liible rcreivi's ihd ;i|)|i;iL'aliis when not in 
ii«r. fintl is lonninutPil by a cast iron liirnin^ table or |ila 
lean, inlended to farililale riearinj;. 

Thi> opposite side of the cabin is pierced bv nn apcr- 
lure. with n door fasleninf; wilb bick find Icev. 

The interior m lifirhleH bv two htcrnl windows .-irnl U\ 
a ronnd hnip, pierced In the ronf .■>nd f|lnzed. This (dli.H> 
Ihe nsicnf of the lantern to he wiitcheil and idso Id he 
.■i«ur.'d thai il is lighted. 

The weij'hl of (he cabin is aboni i .doo kilof;rniiim(^. 
and the pricfl. nil nrcessories inclnded. i .t»8o tntnrn. in 
Paris, 

Thes»»lWo lillb- constructions have hein mli-pled l>i \Ur 
Liphlhonsp hoard nfilireriion 

They were invenletl and ar*- mnniilniliHcd bv M I,. 
SuTTEB, I.KMOfviKH and r>impaMV 
, Bmmft. foreman 
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LIGHTING APPARATUS. 



I. Apparatus for electric liglu. — An intermittent light, 
at half-minute intervals, is intended to be produced by 
this contrivance, through the medium of electricity. It com- 
prises a fixed light apparatus, o°',5o in diameter, illumi- 
nating three fourths of the horizon, around which cylinder 
composed of sixteen vertical lenticular elements, o™,69 in 
diameter, revolves once in eight minutes. 

In the profile of the fixed light apparatus, the central 
dioptric part occupies vertically an angle of 76 degree, 
which is greater than in the former profiles. This arran- 
gement has been adopted in order that the luminous ra- 
dius should meet the last dioptric element, at the same 
angle as the first catadioptric ring, and suffer no more loss 
by reflection in the one case, than in the other. The appa- 
ratus being placed in an elevated position, the profiles of 
the different parts, except those of the two lower catadiop- 
tric ring§, have been calculated so as to direct the emerging 
rays 3o minutes below the horizontal plane. In the cal- 
culation of the two lower rings, this angle has been car- 
ried to 3 degrees for the last ring but one, and to 5 de- 
grees for the last, so that the light should be visible for a 
short distance, that is to say. to a navigator in a position 
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below ibe diverging colleclion ol' rays eniilli'il liv ihi- rc- 
□lalnder of lh(> apparatus. 

The 1 6 verlical lenses arc close to paeli ollicr. and each 
is composed of a sinjfle element, aboiil o'",i 9 in breadth, 
the curve of which has been calculated so as lo give, with 
the electric li(;hl. a horizontal divergence of 3",'^. Accord- 
ing lo this arrangement. lhi> light appears for a seconds, 
and the interval bclwwn I he end of nne Hash and the com- 
mencement of another is 3 5 seconds. 

The maximum intensity of the light approximates to 
nearly 60.000 burners, supposing an electric light wilh 
aoo burners at the locus. 

f) . Appiirfiliis of tliF ibir/i oriiei: — This presents a type 
entirely new. For the space of half a minute it is a fixed 
white light, while during the other half, eight flashes suc- 
ceed each other at intervals of 3 ^ seconds. The dilHculty of 
giving to each light a di.slinclivc cliaracler is augmented in 
proportion to the increase in the number of tighthouses. 
Into ihe programme of iH^S. the (:ommi.ssion had only 
admitted three different characters for lights of the first 
order, viz, the fixed light, the intermittent, wilh minute 
intervals, and the intermittent with half-minute intervals. 
They had also retained the system formerly in vogue in 
ihe vicinity of Havre, consisting of two lights, side by 
side- One character, thai had been previously reserved for 
lights of the second and (bird order, has been lallerly as- 
signed to some of the Hrst: this is the light varied by 
flashes, at intervals of 3 or f\ minutes. Another system re- 
cently adopted, under the name of flashing light, consists 
in flashes rapidly succeeding eacli olher, nl inlervals of a 
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lew seconds. Finally, the aid of colour lias been called in 
to form new distinclive characlcrs, such as the fixed white 
light, varied by flashes of red; the intermittent light with 
alternate flashes of red and white , and the intermittent, 
with two white flashes succeeding one of red. Other com- 
binations have also been adopted for lights of the second 
and third order, as, the fixed red, the intermittent red, 
the light alternately white and red, intermitting or not. 
This enumeration shows how much ingenuity has been 
taxed in order to vary the appearances of lights. 

The choice of a distinctive character for the new light 
upon the rock of le Four, in the vicinity of Brest, gave 
rise to some perplexity. On that coast the lights are very 
numerous, and the greater part of the characters in use 
are found there. It must also be remarked, that it is not suf- 
ficient to create a difference between two lights, by means 
of a merely subordinate detail ; on the contrary this difle- 
rence ought to be strongly defined, so that no chance of 
confusion may exist. 

This conviction induced the adoption of a combination 
never before applied, viz. the light described above as 
alternately fixed and flashing. 

The lighting apparatus is of the third order, and is 
1 metre in diameter. It consists of two different parts, 
each occupying half the circumference. The first part is 
an ordinary fixed light apparatus, while the second com- 
prises eight complete annular panels , each occupying 77- of 
the circumference, and calculated to produce eight flashes 
of light. 

The revolving part is placed in the socle, and is fitted 
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wilh the machinery requisite for [irodunng a rapid move- 
ment. The rotalifin of ihp lijjht of ic Four is arcfimplished 
in one rainul''. 

The lamp h;is a clockuork innvi'nifiit, an<l a hurniT 
with three wickt^, arranged to burn mineral oil. 

The lamp has an intensity of 16 carcel hurners; that 
of the fixed light is aao. and that of one of the nashe.i 
Rttaias 930 in the axi-s. 

The price of the apparatus, including iam|is and mn- 
chinerj, is i^.Sno francs. 

3. ApjiaratitH of llm seconil order (a drawing of the entire 
apparatus and an annular panel of y). — This apparatus is 
intended for the lighthouse of Pilier, situated at the em- 
bouchure of iho Loire, the tower 0! which has just heen 
recoDstructed . The description of light adopted in 1899 
id, still employed, viz. n fixed light varied by flashes 
at intervals of ft minutes. This apparatus consists of a 
fixed hghl, the two opposite sectors of ~ of the horizon 
are replaced by complete annular lenses, and it revolves 
once in 8 minutes, in order that the two binds of lenses 
mayjoin properly, and that one common rack should serve, 
the focal distance, which is o"',70o for the lense.s of the 
fixed Ught, has heen reduced to o'",6li-^ for the annular 
lepsefl. The focal lamp has five concentric wicks, instead 
of four, the usual number for lamps of the second order, 
because the rolour of the light being red in certain direo 
lions, it was considered expedient to increase its intensity. 

Several new arrangements are presented by this appa- 
ratus, some of which are applied for the first time. 

I. In thr central nr dciplnr par). I lie joints separating 
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the elements, and consequently the lower sides of these 
elements, Instead of being horizontal, are inclined in the 
direction of the refracted ray. Several advantages result 
from this system : it dispenses with a triangular part, of 
the glass, which is of no use, and thereby lessens the 
weight; the loss of light occasioned by the horizontal 
joints is greatly reduced; the exterior angles of the lenses 
are not so sharp, and consequently less fragile, and in 
addition, they do not project so much, which allows a 
greater height to the dioptric lens. 

2. The central or dioptric lens embraces a vertical angle 
, of 76 degrees, while in the former profiles this angle was 

only about 60 degrees; so that the height is increased 
from o",85 to i",io. By this means, the luminous rays 
meet the last dioptric element at the same angle as the 
first catadioptric ring, and suffer no more loss by reflection 
in the one case than in the other. 

3. The profile ordinarily used had been calculated for a 
burner with three wicks and a diameter of 7/1 millimetres. 
But in the case of a burner with five wicks and a diameter 
of 110 millimetres, the lower elements of the dioptric 
lens and the lower catadioptric rings, constructed accord- 
ing to the former profile, emit rays which are no longer 
parallel to the optical axis, because the portion of flame 
left visible bv the base of the burner is nearer the lens than 
in the case of a burner with three wicks. To obviate this 
defect, the burner was arranged in divisions or stages, by 
placing each wick 9 millimetres below the one preceding 
it. This plan diminishes neither the regularity nor the in- 
tensity of the flame, and the portion visible from each of 
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ibe lower leulicular eletnonls is somewliul aufjiuciited. Be- 
sides, for each of tiiesc lower elements, a particular focus 
has been calculated , taken in the most brilliant line of the 
visible part of the flame, instead of being in the axix of 
the lamp. Similar arrangements might be advantageously 
adopted in many instances, 

i. The central lens and the lower rings are contained 
in the same frame. The upper rings are mounted in a se- 
cond frame, and separated from the first by a metal cross- 
[liece. In the annular lenses, ibis cross-piece lakes the 
form of an arc of a circle, having, like the rings, its 
centre on the optical axis, and it follows thai the rings 
may bo left intait, instead of culling ihem as was for- 
iiiei'ly done. 

5, The lamp in the focus of the lens exhibited olfers 
some peculiarities of arrangement, due to M. D^ndchaux, 
engineer al the central di^p6t of lighthouses. The skin val- 
ves and ihe leather daks have been replaced by ordinary 
pistons and metallic daks, the former being liable to fre- 
ijueDl derangement. This method has given satisfactory 
results in some experiments, but has not yet received the 
sanction of practice. 

With mineral oil lamps w ilb live wicks having an inten- 
sity of 36 carcel burners, the fixed light apparatus pro- 
duces an inten.sity of ti/io, and the annular lenses give a 
brilliancy of 5,ooo burners. 

4. Tainkliiig catoplric liffkt. — Many lights of direction 
having to illuminate an angular and limited space only, 
are provided with a simple parabolic rellector. These are 
lixed lighL'^. liul in certain cases il is possible to con- 
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found them with lights in the vicinity, and even with lights 
on hoard ships at anchor. This difficulty has been over- 
come, without changing the apparatus, by means of a 
screen, passed rapidly and at equal intervals before the 
reflector. This system was applied for the first time, in 
t865, to the lighthouse of Patiras (Gironde), and mari- 
ners having expressed themselves satisfied with the results, 
it has been employed at various points of the coast, since 
it possesses the double merit of being at once charac- 
teristic and economical. 

The apparatus exhibited consists of a parabolic reflector 
of o°',5o aperture, and a vertical screen to which a small 
revolving mechanism imparts a circular motion. 

The light is fixed, but varied by very short eclipses 
succeeding one another at an interval of four seconds. 

5. Catoptric apparatus far a light of direction. — This 
apparatus consists of a parabolic reflector, o",5o in 
breadth, and is lighted by a mineral oil burner with two 
wicks. There is no mechanism attached to the reservoir, 
as the oil ascends to the burner by the effect of capillary 
attraction. The form of the reservoir is that of a cylinder 
o",9o in diameter, which is placed behind the reflector, 
and communicates with the burner by means of a bent 
tube fitted with a three way cock. Its contains 3 4* litres up 
to h centimetres below the burner. The consumption being 
at the rate of 176 grammes per hour, the lamp can bum 
for sixteen hours , during which time the level of the oil 
lowers about 10 centimetres. The whole apparatus is 
established on 'a circular iron plate, fitted with rollers, 
and capable of being turned, in order to facilitate the 
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working. An iron K't-bull holiLs it in ifae positiun reqitired. 
Tlie reflector is fixed lo (he side ol Uic l:imp by a hook, 
wliicb also supports tbe obturator by meanii of a rod. 

The luminous intensity of tbe lamp is equal lo about 
6 J burners; tbat of the reflector equals nearly Aoo bur- 
ners in the axis, and it diminishes from each side to an 
angular distanci' ol" 17 degrees. 

6. Afipnrnlm for lemponn-y llglu. — This is intended 
to serve provisionally, during tlie re|)airs uf an existing 
lighthouse, or in the interval previous lo the dellnitive 
eslablishmcnl of a new lighthouse. The arrangements are 
such as lo admit of producing at discretion tbe different 
characteristics of coast lights. 

It consists of a fiied light apparatus, o"',3'y5 in dia- 
meter, capable of illuminating tbi-ee fourths of the hori- 
lon, and a drum or cylinder with eight vertical lenflci;, 
u',5o in diameter. The lantern is circular and has an eite- 
rior diameter of o'",8i . The pedestal, o'',lih in diameter, 
cuntain.i a mechanism for imparting a rotary movement 
to the drum. The dimensions of the dilTerent constituent 
[larts are upon a scale as moderate as possible, lo facili- 
tate carriage and to enable it lo be mounted upon the 
eilerior gallery of a lighthouse under repair, or upon a 
temporary frame-work. 

Tbe revolving mechanism is capable of giving three 
different degrees of speed to the cylinder, and this is 
effected by disconnecting gear. The vertical lenses slide 
into the grooves of the frame, so that they can be taken 
out or put in. according lo the character uf the light re- 
quired. They are formed of two parts superposetl. each of 
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which is furnished with a little frame, into which a coU 
cured glass can be inserted if necessary. The focal lamp 
has a lower reservoir without mechanism, and a burner 
with two wicks for mineral oil. It carries a plain or col- 
oured glass chimney, according to circumstances, and 
can be replaced by a lamp with one wick, if only a mo- 
derate intensity is required. 

With this apparatus can be produced : 

A fixed white or coloured light, by removing all the 
vertical lenses the mechanism also, and placing a plain 
or coloured glass chimney upon the lamp. 

An intermittent light, with minute or half-minute in- 
tervals, or scinlillant light, by retaining all the vertical 
lenses and causing the machinery to move at one of the 
three degrees of speed; 

An intermittent light, with alternate flashes of white and 
red, or red and green, by placing red or green glasses 
before a certain number of lenses, in the order indicated 
by the character of the light; 

A fixed light, varied by flashes preceded and followed 
by eclipses, by retaining one of the vertical lenses, or 
several equi-distant from eaich other, and by adopting one 
of the three degrees of speed according to the time ne- 
cessary to produce the interval between the flashes; 

A fixed light, varied by flashes without eclipses, by 
removing half of each of the vertical lenses, and adopting 
one of the three degrees of speed. 

The luminous intensity of the lamp with two wicks 
being equal (o (> 7 burners, that of the fixed light equals 
/io . and that of the flash ,900 burners. 
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Numbers a , 3, and /j. were executed bv MM. Henry- 
Lepautb. The electric light apparatus was set up by 
MM. L. Sautter, Lemonnier and Company. The temporary 
light by MM. Barrier and Fenestre. All these gentlemen 
are lighthouse constructoi*s in Paris; number 5 was made 
by M. LuGHAiRE, constructor of lighting apparatus, in Paris. 

The plans of these apparatus were drawn up by 
M. Emilc Allard, engineer in chief cedes Ponts et Chaus- 
sc^esj), under the direction of M. L^once Reynaud, inspector 
general. 

The glass comes from the manufactory of Saint-Gobain. 



XLIX 
LAMPS AND APPLIANCBS 

FOR 

THE ILLUMINATION OF LIGHTHOUSES WITH MINERAL OIL. 



U|) lo a comparatively recent date, the lighthouses of 
France, like those of most other countries in Europe, 
were illuminated by colza oil. But when mineral oils 
began to come into general use, the French government 
hastened to profit by the advantages offered by this new 
combustible. From i856 various trials were made with 
shale oil, and the results were satisfactory in lamps with 
one wick, in i865 this oil was used in almost all the 
beacon lights on the coast, but its employment in lamps 
with several wicks was interdicted, on account of the in- 
flammable nature of the vapour, when, in 1868, captain 
Doty, an American citizen, brought into notice a lamp 
burner with four wicks, in which he burned mineral oil. 
He introduced, at the same time, a product called Scotch 
paraffine oil, which possessed a valuable advantage, in as 
much as the vapour emitted therefrom only became in- 
flammable at a temperature of 60 or 70 degrees centi- 
grade, while in point of luminous intensity the results 
were excellent. After a series of experiments, prosecuted at 
the central Depot and in some lighthouses, this oil was 
generally adopted, and introduced into all the lighthouses 
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on llie French cobsI. wilh thr I'lireption of llii; floatin|> 
lifjhts. which continue la burn colza oil. Latterly, some 
French manufacturers have liucceedcd in obtaining pro- 
docts futlilling (be same conditions as parallinc oil, iiiid 
which appear to be. in sonic respects, even pi-eferuble, 
while tbcv are lower in price. Since the i" January last. 
the mineral oil employed in the lighthouses of France, 
lias come from the manufaclon of M. Deutsch, near Pa- 
ris, and its cost is yt) centimes per kiloi>ranime, delivered 
al i\s destination. 

The adoption of Ibis ne« liffhl producing element was 
accompanied bv a remarkable diminution of expense, and 
it was considered expedient that a portion of the money 
thus economised should be employed, for the interests of 
navigation, in augmenting the luminous intensity of Ihe 
various apparatus. This idea was carried out, and the 
lamp burners in the dilFereiit orders of lighthouses were 
enlarged so as tu receive another wick, and advantage 
was taken of the necessity of reconstructing them , to inau- 
gurate a uniform system of wicks, by giving (he same dia- 
meter to (hose of each row, commencing from the centre. 

The burners exhibited have from one to six wicks. Five 
are allotted to (he live orders of lights, while (he burner 
with six wicks is reserved for exceptional cases. The exte- 
rior diameter of these burners increases o",05 from o^-oS 
to o*. i3. Each wick is contained between two thin cop- 
per cylinders o^.oob apart, and is separated from the 
next wick by an annular space of o^.ooS, (o allow (he 
passage of a current of air. the thickm'ss of the mulal 
being laken IVnni (he side ol ihr wick. The merage dia- 
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meter of the wicks thus varies re{][ularlv from o"',oa5 Id 



0"',1Q0. 



The burners with one and two wicks can be employed 
in ordinary lamps at a constant level, such as the two mo- 
dels exhibited by the side of the other burners; but they 
are often used in lamps having a lower reservoir without 
mechanism, and in which the oil ascends by capillary 
attraction. The first lamp of this kind was called the Maris 
lamp, from the name of the constructor, and it has been 
successively modified and improved at the Lighthouse 
Dep6t. The one in use at the present time, and of which 
two models are exhibited, consists of a cylindro-conical 
reservoir, placed in as close proximity as possible to the 
mass of oil in the top of the burner, without obscuring the 
luminous rays sent by the flame towards the lower rings 
of the optical apparatus. This reservoir contains i a deci- 
litres for lamps with one wick, and 3 litres for lamps 
with two wicks. 

The burners that have from three to six wicks arc used 
in the old lamps having a clockwork movement or an in- 
side weight. The lower part of each burner is screwed on 
to the tube by which the oil ascends. The oil then reaches 
the small shallow cylindrical reservoir that forms the bot- 
tom of the burner. In the lamps which formerly burned 
colza oil, this reservoir communicated directly with the 
annular envelopes of the wicks, by means of vertical 
tubes, and the superfluous oil flowed over the burner and 
down into the body of the lamp. This system cannot be 
applied to mineral oil, the level of which must be kept 
o"',o4 or o"',o5 below the top of the burner. For this reason 
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M. [Mv had adopted a difTorent combinntioii. A \ht\n^ 
oil mvrroir. in which the level was permanently main- 
toiiied bv the ordinary contrivance known as Mariotte*s 
vise, romraooicated with the burner by a tube that could 
be placed at a greater or less distance, and of wbich the top 
was fixed at the desired height above the constant level. 
This arrangement gave fair results and suited very well 
for experiments, but was evidently inadmissible in a prac- 
tical point of view. M. Doty then entertained the idea of 
adapting to the ordinary' lamps a lateral tube comnumi- 
cating with the burner, and open at the upper part to a 
proper level. The superfluous oil flowed through this 
orifice, and returned into the body of the hunp by a tube 
surrounding the first one. But the sole object of this lat- 
eral appendage being to maintain the constant level, it 
might be advantageously replaced by any orifice in the 
interior of the burner, aflbrding an outlet for the oil at 
the desired level. The Hrst lani|)s were therefore made 
with a tube placed in the axis of the current of interior 
air, communicating at the bottom with the interior of 
the burner, and open o"',o/j or o"',o5 lower than the 
top. These burners gave good results in the experiments 
at ihe D^pdt, and were applied in several lighthouses. 
It was admitted that they acted well, so long as the 
mechanism of the lamp was regular in its movement, 
but if the slightest irregularity occurred, or any inequal- 
ity presented itself in the pump valves, then the ascent 
of the oil was subjected to variations more or less abrupt, 
and these variations had a very appreciable action upon 
the flame, which then became diflicult to regulate. To ob- 
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viaie this inconvenience, it was necessary to cut off the 
direct communication by which the oil ascended to the 
wicks, and to make it pass first by a lateral appendage 
disposed so as maintain a constant level. M. D^n^chaux, 
principal conductor, performing the duty of resident en- 
gineer, invented the arrangements of this appendage 
which consists of three tubes placed close together, open 
at the top , and surrounded by a covering a little higher. 
The bottom of the central tube communicates with the 
little reservoir before mentioned; the oil, having no other 
issue, ascends by this tube, and falls from the top into 
the second tube, which takes it to the burner, in this 
manner fdling the interior up to the level of that in the 
lateral appendage. Now as the quantity of oil furnish- 
ed by the lamp, exceeds the consumption, the super- 
fluity flows into the third tube, over a waste pipe, a little 
higher than that by which the oil reaches the burner. 
This third tube carries the overflow oil to the large reser- 
voir of the lamp, and also receives, by a small lateral 
pipe, the droppings of the cup which forms the base of 
the burner. A horizontal disc o"',oao in diameter sur- 
mounts the central air-tube which is between the burner 
and the chimney at a distance of o",oi7 to o",oa3, ac- 
cording to the size of the burner. On this exterior cylin- 
der the chimney-holder slides. Satisfactory results are ob- 
tained from burners thus constructed. The flame is easy 
to regulate and the form remains steady without being 
subject to oscillation. 

Bubbles of air that may have been drawn in by the oil 
escape by the lateral tube, and no longer interfere with 
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tlic regularUy ul' the flame. Supposing ibal, from s 
cause or olhop, the mechanism of the lamp be i 
larily deranged, ihe flame will not be immediately exlin- 
guished, since the lateral appendage forming a reservoir 
supplies for some Inslanls ihc oil necessary for combus- 
tion, and allows the accident to be remedied. Another 
advantage of this system is, thai the superfluous oil no 
longer passes into the air tubes, thereby diminishing the 
section, and not having been in contact with the wicks, it 
has lost nothing of its quality, and diiTcrs in no respect 
from the reservoir oil with which it mingles. 

It may be useful to remark that all the lamps, with the 
exception of those which have a lower reservoir without 
mechanism , are arranged to burn colza oil in case of need , 
or if any cause should again necessitate its use in a ligbt- 
hoose. 

This result is attained by raising to a proper height 
the reservoir of the uniform level lamps, by means of a 
notch in the covering, and for lamps of the three first 
orders, by closing the upper orifice of the lateral appen- 
dage, as well as the tube by which the overllow oil des- 
cends to the reservoir; this obbges the oil to ascend to 
the top of the burner, and to overflow. 

The following table enables a comparison to be insti- 
tuted between Ihe former system of lighting, and that 
used at the present day. These figures show the advan- 
tages derived from the use of mineral oil in France, both 
as regards the interests of navigation, and those of the 
public Treasury. 
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Nnndwr of li^U. 



Consumption ( per lamp and per hour. 

of < for all the lights and 

mineral oil ( per year (A.ooo h.). 



Cost of mineral oil al o' 79 per kilog. . . . 

Consumplion ( per lamp and per hour. 

for all (be lights and 
per year 



of 
colza oil 



Cost of coica oil at 1' 5i per kilog. (aver- 
age price ) 



Intensity 

with 

mineral oil 



per lamp, 
total 



l»t«;«ty I peHamp. 
j total 



with 
colxa oil 



OUDIB. 



2>i 

ORDER. 



6 



1^000 



iC8,ooo^ 



o^6&5 



t5,&8o^ 



0*^760 
197,680^ 



o^5co 



It, 000' 



36 
i5ia 

>3 
966 



90 



ORDER. 



3l 



0^370 

A5,88o^ 



0S75 



• 1,700' 



i&,3 

5 
i55 



4tfc 
ORDER. 



33 



o^ 175 
s3,ioo' 



0^110 



l&,540^ 



6,9 

"7'7 

3 
99 



6'^ 

ORDER. 



l5& 



TOTAL. 



0^055 
55,880^ 3o8,3io^ 



0^060 



•43.5g9' 



60,960' s36,86o^ 



558,8 

1.6 
6o6,& 



357,659' 
t835,8 

1716,4 



Thus, the cost, which is 9 43,ooo with mineral oil, 
would amount to 357,000 francs with colza. There is 
therefore a diminution in the ratio of t to 0,68, i. e. 
nearly one third. To this must be added the difTcrence 
in luminous intensity, the sum of which with mineral oil 
lamps is 9886 burners, while it would be only 1716, 
with colza lamps. The tolal. intensity is augmented in 
the ratio of 1 to t,68,i. e. more than two thirds. The 
total saving effected by the use of mineral oil is repre- 

sented bv -—rr = 9,0 5, that is to sav, that for the same 
•* 0,68 '^ 

outlay, between two and three times as much light is ob- 
tained. 

]( should also be remarked that, the diameters of the 
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burnors of each order haviii[j bseii increased, the liori- 
znntal divorgenre, and conse<|uently. the duration of 
luminous appearances or flashes in revolving lights, is 
much greater ihnn formerlv. Tiii» iiu)![uicnlution is more 
than a fifth in ibe two first ordnrs. and ninre than a half 
in the third. 

A small mineriil oil lamp with a circular tvicL, o",oi5 
in diameter, burning no grammes of oil [ler hour, and 
j;iving an intensity of nearly two thirds of a burner, is in- 
lended for the service of the keepers, and is employed in 
a few lanterns, where a great range is not required. 

Two of the burners e>:hihited conit: from the works of 
MM. Bahbieb and Fbnbstde: two others arc from tbe esta- 
blishment of MM. HuNiiv-LBPAiiTE. The lamps and burners 
with one and two wicks wiire niad<! by M. Luchaire. 

By the side of the liunps and burners just described, is 
n series of seven plain chimni'vs which forrospon<l to 
them. There are also the difTcrml coloured chimneys used 
in the Lighthouse service. 

The instruments for testing mineral ods are contained 
in a box. They consists of two densimelres, an apparatus 
with a spirit lamp, In heat in a waler-batli the oil about to 
he tested, and a thermometer to try the temperature of the 
oil. A liglit held above the orifice by which the vapours of 
ihe oil esca[)e, indicates the moment when they become in- 
flammable, and the thermometer shows liie temperature of 
the oil. These instruments are furnished by M. Luciuire. 

The oil-can used for mineral oil is cylindrical in sbap«, 
luid movnble round an axis nearly in the centre. It is 
lisiialh held in ii vorlicid position: ihc upper pari is 
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slightly conical, which allows il to be easily tilled. When 
used, it is held in a slanting direction, and the rock and 
aii^hole are both opened. Afterwards, the vertical posilion 
is resumed, and no leakage can occur from the cocks. 
This oil*can is made by MM. Barribr and Fbnrstrr. 
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Uriliiitiri/ liiioijx. — rill.' jjrealcr purl ul llie biiois on 
iiur roasis rfsfmble uinr or oilier of llie lv[tes iiiinibcred 
1 lo 5. Tbc lirst four rciireseiit beacon buoys, the fiflb is 
a mooi'JDg or QDclioragr buoy. 

Sheet-iron is inopp expensive (ban wood for tbo uiate- 
rial, in respect of ihe llrst cosl of pincing. but it is moiv 
durable. Also the maintenance of shaet-iron buovs is less 
burdensome , and Ihey are more easily adapted to clilTerent 
shapes. 

The spherical form has been adopted for the submerged 
part of beacon buoys, because it is that which, the sur- 
face being eijual. embraces the largest volume, and con- 
se((uently reduces to a minimum the surface not visible. 
Provided that its centre of gravity is a little below that of 
the sphere, the float will remain slciidy, and this condi- 
tion is easily fulfilled by means of property calculated 
balbst. In short, the spherical form offers less resistance 
lo the waves than the majority of those that have been 
adopted, and it is easily made at all the great iron works. 

The u|iper part is in the shape of a truncated cone, 
tlic top of which is replaced by a disk or signal nf various 
itescriptions. The objcrl "f lids appendage is to aiignteiil 
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* 

the range, and especially to give a distiactive character to 
the buoy, which may assist in discriminating the colours 
and inscriptions. 

The body of the buoy is divided into two parts by a wa- 
ter-tight partition , so that if broken into , by the shock of 
a vessel, or injured so as to cause leakage, it would still 
float. A vertical tube, closed at the upper end by a screw 
plug, allows the water to be pumped out of the lower 
compartment. Two man-holes are formed in the buoy; 
one at the top, and the other in the water-tight partition. 

The mooring ring, to which the holding chain is at- 
tached, forms part of the mass of forged iron that consti- 
tutes the bottom of the buoy. This is in the shape of a 
spherical cap, and to it are riveted the sheets of iron com- 
posing the lower part. 

Thebailast consists of several movable cast iron plates, 
bolted solidly together. Its weight does not exceed 760 ki- 
logrammes, in the heaviest buoys, and is reduced accord- 
ing to the depth of the water and the strength of the 
current. Once properly regulated, the buoy preserves an 
upright position in the ordinary state of the sea, and 
scarcely inclines to /lo" under the action of the strongest 
winds and currents. 

A wale in elm wood encircles it at the point of greatest 
diameter, which is nearly level with the line of flotation. 
This wale is for the purpose of protection against the 
shocks of floating bodies; also against |>ossible injury during 
transport. 

The forms of signal or sea-mark most generally adopted 
are the sphere, single and double cones with straight or 



HIO^S AM) BEACONS. 3119 

curved lines, reolangies , and triangles plain, or variously 
{grooved or holloned, crossing each other at right angles. 
The moorings usually employed consist of a mass of 
cast iron, of which the weight varies according to the power 
of the huoy, the nature of the hollom , and the violence of 
the currents. For small buoys, in places where the bottom 
is composed of sand, a weight of 3oo kilogrammes has 
been found sufTicient, while in some pnrtx it is necessary 
to increase this figure to 3,ooo. These moorings are in 
cast iron, and lake the form of caps, with the lower face 
slightly hollowed, for the purpose of causing them to 
adhere more firmly to sandy bottoms; some are on a 
square, others on a circular plane. In certain cases, they 
take the form of a mushroom anchor, specially for the 
stronger buoys moored on rocky bottoms. When it is a 
question of reducing as much as possible the swinging 
range of the lloal, or when the buoy is moored to a rocky 
bottom, where there are strong currents, recourse is had to 
a cross mooring of two anchors with one fluke. In the basin 
of Ssiint-Nazoire, the bottom of which consists of a IToor of 
betoD covered by a thin layer of mud deposited by the 
river, and where it »as essential to avoid all projections. 
Rat cast iron moorings were adopted for the anchorage 
buoys. The weight of these moorings is estimated at 
5,3ao kilogrammes, and the side rings allow them to he 
lifted when it is necessary to change their position. 

A part of the chain, from 3 to 8 metres in length, un- 
cording tu circumstances, is fastened permanently to the 
buoy, and to the rest of the chain by means of a shnckle. 
The shackle-bolt i.s el1iplir.il in form. an<t is held fast liy 
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one or two conical pins, the heads of which are covered 
with lead. The swivel is no longer employed , being use- 
less and liable to cause accidents, when the float is in the 
form of a solid of revolution. 

The models exhibited were planned by M. Lughairb, 
ferblantier-lampiste in the Lighthouse service. 

N** 1 . Bell buoy. — The body of this buoy is surmounted 
by an iron armature , on which are fixed wooden laths o^^^o t 
in thickness , covered at the upper part by a sheet of iron. In 
the interior of the armature is a bronze bell with movable 
hammers, and on the top is fixed a sea^nark or signal, 
above which is a triangular prism fitted with mirrors. 
The covering does not reach to the feet of (he uprights, in 
order to allow free passage to the waves. The mirrors are 
framed in bronze, and serve to reflect the rays of the 
sun, or of the adjacent lighthouse. The trunk of the 
buoy is 9™,&3 in diameter by i'",70 in height, and the 
top of the prism of mirrors is 4 metres above the line of 
flotation. 

The sheet-iron of the lower part is o",oo9 in thickness, 
while (hat of the upper part and of the water-tight parti- 
lion is only o*'*,oo5. The ballast is 5oo kilogrammes in 
weight, when the length of the chain docs not exceed 
10 metres, and the line of flotation is then about o",i9 
above the lower edge of the wooden wale. 

The mooring chain is in wrought iron, o°',o34, and 
weighs 9 kilogrammes per metre out of the water. 

The average weight of buoys of this kind may be reck- 
oned at 9,9 00 kilogrammes with the shackle, ballast not 
included. 



BUOYS A!\[i BEACONS. 

Tliuy cost aboul i!,3oo francs, nJimclj : 

Slieclatiil wrougliliron, i.So'iknogramnK'snlo'.gri. 
(Iwl inm for ballasl, 5uo lulngniiDaeB at u';a5.. . . 
BroDK loi' li«ll, luirror framinf; ami puiup coUur. 

5i ki!o([ramiiii« al t,'S>o 

Wale in woud oiid lallis 

''»i»'i"K- 



N° 2. Orfiiitnry buotf. — Tins buov is ■!"',38 in diaiiictcr 
iiy 3"',ao in licijjhl of trunk. The lop of Ilic mack is 
'i niclres above llie line of flolallon. 

The sheet-iron of the lower division is o'",ooy io lliick- 
iiess,MhHe thai of the conical [lart and the Mater-tight par- 
tition is diminished to o^jOu^. The ballast is represented 
complete. It places the lino of flotation i'", i5 above ihf 
centre of the mooring rmg, or o", i3 above the lower 
edge of the wooden wale, when there are lo metres of 
riding chain. 

The mooring chain is in wrought iron o^ioSi, 

The average weight of this buo}' is ahout 9,000 kilo- 
grammes, not including tlie ballast, but with the shackle. 
The cost is nearly u,ooo francs, viz. : 

i.tlAolulagrammes sheet and wrought iron at o',go. i,l>56',uu 

7^0 kiiogra mull's cast iron iKiJIaal at o',)!) 187 ,!>o 

&'*,90 bronze for jiuinp collar atiil nir lube at ^', [iu. l3 , 1 o 

Wooiten wale So ,00 

I'aiatiog, etc 70 ,00 

^^^_. i,<l76',6o 

Ml ~ 

^Vpi^bis buoy ia debignated in the Lightiiuuse service a&or- 
liiiuiry hui'if Ji" 1 , 
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N" 3. A buoy of the same shape but of smaller diiiieii- 
sioQs, being only i"',8u in diameter by a'^^&o in height 
of trunk, designated in the service as n"* 2. The sheet- 
iron covering is o",oo7 in thickness in the spherical part, 
and o",oo/i above. 

The ballast complete is 1 5o kilogrammes in weight. 
The mooring chain is in wrought iron of o'^^oSo, and 
weighs 9 kilogrammes per metre. One of these buoys costs 
about 1 ,000 francs, viz. : 

990 kilograiniiics wrought and slicHil-iron at o',90. . 891^00 

i5o kilogrammes cast iron for ballast at u^aS 37 ,5o 

A^^ao bronze a3 ,10 

Wooden wale 3o ,00 

Painting, etc 38 ,fio 

l,oao^oo 

N° f\. Small buoy, — This is employed in all places 
where it is not necessary to have a very apparent shape, 
or where there is no great depth of water. It is i",5o in 
diameter by s metres in length, carries no sea-mark or 
signal at the top, and is in sheet-iron o",oo6 below, and 
o"',oo/i above. It has no ballast, and the line of flotation 
is o"*,76 above the centre of the mooring ring, when there 
are 10 metres of chain, and this line rises o*,oo5 per 
metre of chain within suitable limits. 

The chain is in wrought iron of o",oa5, and weighs 
1 A kilogrammes per metre out of the water, and 1 9 kilo- 
grammes in the water. 

A man-hole is contrived in the conical part, and an- 
other in the water-tight partition which is placed in the 
height of the wale. 
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One of lliesti buoys weighs bfio kilogrammes, ;iiiil cosls 
aboul 5oo francs, shackle includoiJ. 

M" 5. Anrltorage buoy. — This buoy has been made in 
various sizes: Ihe one represented by the model is i",8o 
in diameter, and the same in total hei);ht. ll is formed of 
sheet-iron o"',oo6 in thickness, the traction rod \s o'^-ofi 
in diameter and the tube which it traverses has only o'",o8 
of Ojioning; at the upper [lart there is a screw nut carrying 
a mooting ring, which is supported by ihc buoy, and 
presses the loner collar against the foot. There is no wa- 
ter-tight partition, and the man-hole is formed in the 
part submerged, in order to be protected from sliocLs. 

The chain is in short wrought iron links o^.o^a. 

The weight of a buoy of this description may be reck- 
oned al 77^ kilogrammes, anil its price at (ioo francs. 

Bont buoy. — lluoys-in the form of a boat have the 
advantage of olfering less hold to ihi^ current, and arc 
easier to (ow. The single inconvenience attending Ilieni is 
that they are more expensive. 

They are only used at |)oints where the currenb arc 
very strong, and where it is necessary to have very appa- 
rent signals. 

The buoy rcpresenle'd by the model was executed in 
i8()i, from the drawings of M. Lbfebnb, engineer, by 
MM. JouET and Babih, constructors at Nantes, and since 
that period has been placed to indicate the bank of la 
Lambarde al the embouchure of the Loire. It is S^.Sb 
in length, S^-fti in its greatest breadth and i°',ho in 
depth of bold. The lop is more than 5 metres above liie 
level of the sea. Tbi- sheet-iron is u'",oo8 in thickness at 
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(he bottODi and at the circumrerence, and o%oo& at the 
upper part. The sheets are put together clinker fashion, 
on a slender framing formed of angle-irons o'^oS and dis- 
tant from each other o^'^GqS. A water-tight partition, per- 
pendicular to the longitudinal axis, divides the float into 
two independent compartments. A sheet of iron, o'^yOao 
in thickness, is fixed vertically, following the same axis, 
by means of bands forming angle-irons on each side, and 
constitutes a powerful keel, the object of which is to keep 
the buoy constantly upright to the waves. A ring in front, 
to receive a warping or towing hawser, and four handles 
on each side to aid shipwrecked persons in taking refuge 
on the buoy, complete the float, which has no ballast. 

The float carries a frame principally composed of eight 
wrought iron uprights, o"*,o/i3 by 0*^03 a, which bend 
before they join, in order to sustain, below their point of 
junction, a bronze bell weighing 70 kilogrammes, and 
above, the rod of a sphere 1 metre in diameter, surmounted 
by a mirror with six sides, the sunmiit of which is &"',6o 
above the float. Thin bands of sheet^iron o*,ooi& sur- 
round the uprights, to which they are riveted, in order to 
render the whole more apparent, and to make the regula- 
tion inscription easily visible. 

To fix the mooring chain, which is in wrought iron 
o"',o&o, an eye is pierced under the float, in the triple 
thickness of the keel and the junction angle-irons, a little 
forward, but sufficiently near the extension of the axis of 
the armature, which is itself perpendicular to the water 
line, so that, by reason of the weight of the chain, the 
inclination of the frame varies very little with the height 
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uf lliL' tide. This eye is litled willi a steel rinfj, >iml car- 
rit's ihc boll »ilh a screw iiul and piii. riveted hot, of 
<i shackle which is followed by a larjjo link, and then by 
the i^nd of a chain q metres in len(j;th, o"'.oio. This end 
of the chain musl be considered as making part of liie 
buoy, to which it is fixed un »hore, and ought always 
to uccoinpnny it. At the lower part it carries a shackle 
which is itself linked to the lie. Tlie holt of this las( 
shackle is elliptic, without projections, and held only by 
two conical pins, the heads of which are let in to the depth 
of a centimetre, and covered with lend driven by a heavy 
blow into a cavity in the shape of the trunk of an inverted 
cono. This system of niooring is combined so as to be 
able to place or change a buoy quickly and without dif- 
ficulty, even in heavy seas, and is the only one which, 
during an ei;|ierience of several years, has never failed. 

This buoy weighs, everything included, d,fili5 Lilo- 
)jraninies,and has cost, at iberutcof i^io the kilogramme 
of wrought iron, 5,t3i'.5o. 

liencmi hiiny. — Several reefs of the coast of JVIorbihan 
are indicated by buoys planned upon an entirely dllferenl 
system. They have the merit of being comparatively cheap, 
and easy to low. and ihey are well adopted to all those 
points where it Is not necessary to have a signal that can 
be seen at a great distiince. 

The submerged pari of the float is in the form of an 
inverted cone, ("'.Sb In cliamelcr and •i"',i(i in height, 
linistiing with a cast iron cap, joined to the libcet-iron 
by means of a wrought iron fretting. This rap is crossed 
by a siiuare iron rod "'".o'l, the e\trcniilv I'f iihtihcjirrii's 
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a shackle to receive the chain which is iu wrought iron, 
of 0^0 3. 

The lower cone is connected by a cylindrical length, 
o"",9 5 in height, with a tniiik of a cone, joined at the top 
to another trunk elongated, which constitutes the signal 
of the buoy. These two parts are united by means of two 
angle- irons, between which is placed a partition, is made 
water-tight by an edging or washer of Indian rubber. 
The angle-irons are fastened with bolts, so that the signal 
can easily be separated from the buoy proper, when the 
latter requires inspection. 

A hole in the lower part of the buoy serves to empty 
the water, and is stopped with a wooden peg. For the be- 
nefit of persons in danger of drowning, two handles are 
fixed to the sides. 

The thickness of the sheet-iron, in the lower part, is 
o"',oo5, and for the upper part or signal, o"',oo/i. 

The total height of the buoy is 6 metres , and it rises 
3*", 90 above the surface of the water. Its maximum dia- 
meter, at the line of flotation, is i"',35. The diameter of 
the signal is o"',57 at the base and o",3/i at the top. 

This buoy weighs 800 kilogrammes, and cost 880 fr. 

It was planned by M. Gouezbl, conductor «des Fonts 
ot Chauss^esn at Belle-Ile. 

Beacoti of Antioch. — The rock of Antioch forms a part 
of a very dangerous reef in the navigable passs^ that se- 
parates the isles of R^ and Oleron , and is situated about 
one mile north-north-east from the point of Chassiron. 

Between 1811 and i856, nineteen ships, including 
a corvette belonging to the State, were wrecked on this 
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iiys very diQk'ult of access, anil 
1' would havp been 
re decided lo liave 



ivnf, which was only indlcnled by !i simple iron beacon, 
not sulTicienlly apparent and frequently ovcplhrown by 
riio sea, The object of Ibc present bracon was to retfiedy 
these doliciencies. 

This rock is almost 
ibc construction of a beacon in ninsonn 
a long and costly afTaic, it was iherefoi 
recourse lo an iron frame-work. 

The beacon consists of four round slanctanls in wroii{;bl 
iron , o", i i in diameter, following the nnj^les of the trunk 
of a quadranjjular i)yrniiii(I, solidly connected wllb each 
(ither, and with a round central pile in wrou(;ht iron, 
n", 10 in diameter. 

The standards forininj; the angles of llie pyramid, are 
/["■jSS apart, from centre lo centre, at the lower part, and 
■I "",50 at the upper part, which is 7 metres above the rocL. 

They are surmounted by a construction of the same 
kind. In the form of a square and 3 metres In height. 

Finally, the whole Is terminated by a pyramid 9'", So in 
height and crowned by a sphere i"',3o in diameter. 

For the purpose of rendering the edifice more appa- 
rent, all the upper part of the beacon Is furnished with 
sheets of Iron set in open work. 

The rock ofAntioch i.'i composed of Jurassic limwtone, 
and does not possess suiricient lirmness lo hold the feet of 
ibe standards; it was therefore necessary to fix tbem. by 
means of wedges, in cast tron casinf^. let into the rock 
and laid in cemented stone-work. 

The top of the* ben con is iS^.So above the rock and 
10'", '17 above the liijjbesl tides. 





;jl8 hUU^S AND BKACONS. 

The central pile is iitled with ladder steps, >vhicli le<i<l 
u|) to the base of the pyramid, in which a plankinf; hiis 
been formed to serve as a refuge for the shipwrecked. 

The cost amounted to ao.g/i^^yo, divided as follows : 

1 3,^36 kilof^ramines for{;cd iron at 0^95, including 
painting in red lead , setting up and taking to 
pieces at (he iron works and (utrriage to a port 
in the isle of Oleron 1 o,7<>fl',3o 

1,976 kilogrammes cast iron at o^Go, everything 

included i , 1 85 ,iio 

TFolos for uprights, erection and sundry expenses. . 7,000 ,o<» 

Total :^ 0,9/17^^0 

« 

The plan was drawn up and executed by M. de Beaixk, 
engineer, under the direction of M. Lkclerc. engineer in 
chief ??des Ponls et Chaussecs?'. 

Most of the important beacons on the coasts of France 
.are constructed in rough (juarry stone with Portland ce- 
ment mortar. 
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ELEVATION 

AND OFSTRIBUTION OP WATER. 




XQUEUUCT OK llOOliEFAVOU K 

i}^ TIIK Mil; 

(■.At*!, i'R<iu TiiK dlh*:«(:r to hursrii.i.k.) 



IFVfliv roiir liM arches (leA Unk.).— Sciil*> •j'~.d& 
imip Iwcnly-finii J. 
Madol ui wmxl rGprcseiitinj; lb'' ileluilit nf the various uiachiiit'ii 

employed in I he ronslnirlioii. — Sfiilo o"',ui (one tfinlh). 
D™i»inj;of Ihe nhole, - Srnlp .r,.,n:i f iinu Iwo liiin(lrMllli 1. 

This a(|iie(lurt «as conslnictorl for ihr (final from 
tlic Duraiic to Marsoitli', nnd is ;ig3 meln's in Ir'iigEh: 
th« maximum hei);h( abov<? the base ■>! llii> socles is 
Sa^.GS. and Ihe breadth at Ihe top. ^"'.hc^. There are 
three stages of arches, nf which Ihe first cumpriM'H 
Iweivc arches ol i5 metres span: the second, hfteen 
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arches of iG metres; the third, fifty-three small arches 
of 5 metres. 

Height of lower stage, from base of socle to first plat- 
form 34"", I o 

Heiglil of intermediate stage, from one platform to the 

other 37 ,60 

Height of upper stage, from second plalform to top of 

parapet ' 10 ,9') 

The piers arc strengthened by counterforts, the breadth 
of which they exceed by i",6o in the middle, and 9 me- 
tres in the lower stage. These counterforts extend from 
the socle up to the plinth of the upper, stage, and are 
3 metres in breadth, in the height of the first stage. 
Their projection is o'",9 5 under the plinth, and o'^yQi at 
the springings of the arches of the second stage. 

The piers have a diminution of o",oo5 per metre in 
the middle stage, and o^'fOi 5 in the lower stage; they arc 
5 metres in thickness at the springings of the arches of the 
second stage, 6 metres at the springings of the first, 6°',57 
at the top of the socle, and 7", 90 in the height of the socle. 
Their length is uniformly /i'",85 in the middle, and 5"*,5o 
in the lower stage. The projection of the counterforts, in 
the direction perpendicular to the axis of the viaduct, 
increases from the top to the base, in the proportion of 
o",o/j per metre from the top to the second platform, 
o'",o6 between the two platforms, and o"',o8 from the first 
platform to the base. 

The dimensions of the piers and counterforts are as 
follows : 



H(K"Jlci'"\vni'ii, 
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The great nrches are i metre in thickness at the key. 
The small upper nrches are i"'.oj at the key: their |iillari< 
arc ^1 metres in height, string-course included, a metres in 
thickness at thn spnngings, and a", oh at the base: the 
breadth of this slage between the heads is i'",ao. 

The trough is in brickwork , and has a breadth of a me- 
tres at the bottom, and a^.So at the toj» by !i"'.^io iri 
height with a gradient of o"',oo6 per metro. 

A small gallery nithn serai -circular arch of 3"'..'!o upan 
is formed immediately above the extrados of the first 
arches, and below the first platform: and givos access [o 
llie work at Ibis level, either in the gallery or on the plat- 
form, by means of openings made in the piers, i metre by 
9 metres. A. similar gallery, i metre by a"'.5o, not arched, 
is also eslabli.shnil above ihe second row of arches, and is 
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com[»riseil between their extrados and the level of the sec- 
ond platform. 

For carrying the materials, uprights were iixed at the 
four angles of each pier, resting on two horizontal beams 
resting on brackets, and staged every three uietres in the 
height of the j)ier. These uprights supported a scaffolding 
to which they were joined by a system of ties, braces and 
struts, and on the upper beams of this scaffolding, a mo* 
vable winch was placed, capable of raising blocks of 
6 cubic metres, weighing as much as i5 tons. In pro* 
portion as a pier was raised 3 metres, it was necessarj' 
to raise all the parts of the scaffolding, the supports 
and the crane. By means of four jack-screws with scree's 
of /i"\5o placed at the angles of the pier, this operation 
was safely accomplished in less than four hours, includ- 
ing the placing of the screws in position, each of them 
weighing more than a tons. 

During their construction, all the piers were connected 
by a continuous railway, supported by a series of service- 
bridges between them. These were easily raised accord- 
ing to the elevation of the masonry. Two supplementary 
lines were also established; one on the level of the pas- 
sage formed in the piers, and the other about 9 metres 
above it. They consisted of two beams thrown from one 
pier to the other, and strengthened by struts and uprights 
resting on the top of the centres. These arrangements 
allowed the piers and arches to be built at the same 
time, each division of the work having its lifting ma- 
chinery, etc. independently of the other. By this method 
nearly 9,000 cubic metres of masonry per month were 
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executed, aiul this work included the raiding blocks of 
8,000 kilogrammes to a height of 70 metres. 

All the piers are constructed in rough stone; the beds 
and the perimeter of the vertical faces only are dressed , 
while the whole of each visible face remains rough. The 
total cube of the masonry is about 66,65o cubic metres, 
of which more than 5o,ooo are in rough stone. 

The pressure at the base of the piers is i4**,68 per 
square centimetre. 

The cost of the work, most of which was not performed 
by contract, amounted to 3,700,000 francs, about 
1 77 francs per square metre of elevation. 

This work was planned and constructed from 18&1 to 
18&7 by M. DB MoNTRicBER, engineer in chief cedes Fonts 
ei Chaussi^ns v. 
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BARRAGE AND RESERVOIR OF THE FL'RENS 

pon 
THE SUPPLY OF THE TOWN OF SAINT-ETIENNE. 



Model of the barrage. — Scale of o'",oi (one hundredth). 
Model representing a section of the two tunnels with their lops 

and working appliances. 
Model. — Scale of o",o3 (one thirty-third). 

The town of Saint-Elienne is situated in the valley of 
the Furens, the water of which serves for various purposes. 
In the first place, a culvert conducts it from the springs 
to the town, but this supply is inadequate to the task 
of watering the streets and flushing the sewers, and 
the deficiency reaches to nearly 600,000 cubic metres per 
year. In the second place, the Furens puts in motion a 
number of manufactories which require a delivery of 
35o litres per second, while the actual stream only gives 
from 80 to 1 00 litres in the dry summers, and does not 
exceed 5oo litres on a yearly average. Also, the Furens 
mav cause an inundation of the town of Saint-Etienne, 
but this rarely happens., and the discharge, even in the 
floods, does not exceed i5 cubic metres per second: 
nevertheless the bursting of a waterspout in the upper 
part of the valley, in 1869, caused an abnormal dis- 
charge which attained the exceptional figure of 1 3 1 cubic 
mettles, the inundation of the town commencing at a de- 
livery of q3 cubic metres. 
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Thu works undertaken had thus a threefold end in 
view : 1. to preserve the town from Inun<t.ilion, in case 
of the recurrence of phonomena similar lo (hat of iSig ; 
a. to add lo llie quantity of water supplied to Saint- 
Etienne a supplement of 600,000 cubic metres per year; 
3. to assure the regular working of the manufactories, 
and with this view, to maintain, as nearly as possible, a 
delivery of 35o litres per second. 

This complex project has been accomphshed by the 
construction of a barrage In masonry 'ao metres in height, 
creating a vast reservoir in a narrow part of the valley of 
the Furens, called le ijouffre ifEnfer. This reservoir hav- 
ing absorbed a part of the former hed of the river, a new 
one was opened, capable of delivering ino litres per se- 
cond, under the name of a canal of diversion (canal de 
derivation), and which after lurning by the reservoir, 
joins the ancient hed of the river below the barrage. 

The capacity of the reservoir is 1,300,000 cubic me- 
tres, from the bottom up lo ^A'".5o of its height, and 
1,1)00, 000 cubic metres up to 5o metres, it therefore 
follows that the upper mass of water, 5", do in depth, re- 
presents a volumn of ioo.ooo cubic metres between the 
heights of 4'i'°,ou and 5o melres. Now, It has 
certained that thai part of the total volume of the Bood in 
i84g, which corresponds to the discharge exceedmg 98 cu- 
bic metres per second, was 900,000 cubic metres; there- 
fore if the figure 4.'i",5o be not exceeded in the height 
of the reserve. It will he possible to store up. In the higher 
level reserved for lb'- case of Inundation, a volume of 
water double that of the dcslruclive excess caused hv 11 
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• 

waterspout like that of 18^9. The flood once passei], and 
the delivery becoming less than 98 cubic metres, a cul- 
vert carries off all the water exceeding the height /i/i"',5o. 
and at this height the floor of the culvert is laid, which 
discharges into the new bed of the Furens. 

With respect to the 1,900,000 cubic metres of water 
contained in the reservoir below /i/i'°,5o, it forms a re- 
serve which is held back so long as the delivery of the 
Furens exceeds 35o litres, and the town of Saint-Etienne 
uses it for consumption, or for manufacturing purposes, 
only when the delivery does not reach 35o litres. For this 
purpose, a second tunnel pierced in the rock and provided 
with two cast iron pipes o"',&o in diameter, carries the 
water from the level of the bottom of the reservoir, and 
conducts it to a well, by means of cocks , so that the deliver}* 
can be modified at discretion, and the supply of the town 
and manufactories properly regulated. This well commu- 
nicates, on the one part, with the new bed of the Furens, 
in which the volume of water to be delivered is determin- 
ed by means of a sluice, and on the other, with the water 
conduit of Saint-Etienne, into which it delivers the quan- 
tity required. These arrangements allow such a volume of 
water to be drawn from the reservoir, as may be neces- 
sary for the benefit of the town, by its own conduit, and 
for the use of the manufactories, by means of the bed of 
the Furens: 

Above the reservoir and the commencement of the di- 
version canal, a small barrage has been established. 
1 Q metres in length and 5 metres in height, in which 
are pierced ten apertures i",5o in breath, each closed bv 
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an ii-uri HJuire. Bt^low. Ilic bi>tl itf llie Furens is divided 
inlo two parts, oach supplied by live of these sluices, ca- 
pable of discharfriiig too cubic metres, and of wbicb thp 
ngbt band bod takes the water lo tbu diversian cunsl. 
and that on the left carries it to (lie ivservoir. Water- 
marks pbiced above tbe barrage indicate llio heights cor- 
r«s|)ot)ding with tbe deliveries of 3So litres and cf^i cubic- 
metrrs. 

The working ol' the sluices is arranged lo meet every 
possible conlingeocy. In case of an abnorniai rise, and 
that Uie reservoir were full up tn the height of A/i'°,5o. 
the resei-voir sluices would remain closed, and those of Ihu 
canal open , so long as the delivery did not exceed gS cubic 
metres, and all the water flowed through the bed o'f 
Ibe Furens; but when tbe limit of 93 cubic metres is 
passed, whicii would be immediately ascertained by con- 
sulting the water-mark, Ihe left hand gales would be 
gradually opened, bo as lo maintain (he delivery into the 
canal al tj'i cubic metres, and to direct ihe excoss only into 
the reservoir in which tbe volume of water would then be 
stori'd thai might otherwise have inundsted Ihe town. In the 
same manner those sluices are gradually closed in propor- 
tion to the diminution of the delivery, and are completely 
shut when it gels beluw ()3 cubic moires, and the inun- 
dation of thi> (own is thus avoided. 

When the water is low, su long as the delivery is be- 
luw 35o litres, tlin reservoir sluices remain closed, but if 
the delivery happen to eiceed 35o litres, of which the seiv 
ond waler-mark gives noliue. ihe sluices are worL<>d so as 
In maintain it al 35o litres ouly in the canal, and to di- 
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rect all the excess into the reservoir where it constitutes a 
reserve. But the surplus water only, which is not required 
for the manufactories, is taken from the Furens, and the 
reserve thus created is restored with suitable care by the 
lower culvert, either to the town or to the manufactories, 
when the delivery gets below lOo or 80 litres. 

The reserve of 1,900,000 cubic metres can be re- 
newed twice during the year, and as the supplementary 
service of the town of Saint-Etienne does not exceed 
Goo, 000 cubic metres, there remains about 1,800,000 cu- 
bic nietres to be utilised for the manufactories. This figure 
corresponds to an augmentation of the delivery from the 
Furens of 1 do litres per second during six months in the 
year. 

The barrage is 5o metres inheight, 5'",70 in thickness 
at the top and It^'^^oti at the bottom of the valley; in 
plane, it follows an arc of a circle having, a chord of 
100 metres, a versed sine 5 metres, and aSa^jSo of ra- 
dius. The two faces are continuous and nearly in confor- 
mity with the theoretical type, with a uniform pressure, 
studied by M. Delogre, resident engineer. They differ 
from this type, on the one hand, because curved profiles 
have been substituted for polygonal, and on the other, 
because in the upper part, the thickness has been greatly 
augmented, while in the lower it has been slightly dimi* 
nished. These modifications were made in deference to 
the apprehensions excited by the possible action of waves 
and especially of ice, in a reservoir situated at an alti- 
tude of 800 metres, where the ice sometimes attains a 
thickness of o"*,5o. 



[MltllA'.E AND llKSEIIVUHt UF THt l-llllKM-S :i-2<J 
Tlic rollowiii{,' tabic shows the thicLiiess at diil'urcnl 
heights, as also the inaiiuium pressures when the reser- 
voir is empty or full. 
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The prolilcs of the two faces once dcteniiined, as also 
the curve of the top in plane, the surfaces of the faiings 
follow. They are two toric surfaces generated by (he rota- 
tion of the normal proiile round (he vertical of the centre 
of the crown curve. The lower or down-stream facing is 
Ihus constructed, and in difl'ereiit places a certain number 
of square stones have been laid, projecting o^.So, and 
arranged in quincunx. These are intended to support scaf- 
foldings for inspection or repairs necessary in the future, 
and the u[>-stream facing is provided with large rings 
arranged for the same purpose, serving to make fast beams 
or planks, by the aid of ropes, or to moor boats In rase tif 
need. 

All ihe masonry is let into the solid rock, in the bot- 
tom of llir valley, as well as on the sides, and with this 
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object, the exfoliated or badly adhering parts were cut 
away, and irregular redans or terraces have been contrived 
in which the mass of the barrage is solidly laid. All the 
masonry is in rough stone, with Theil lime. Horizontal 
courses have been avoided, and the stone-work is secured 
by strong bonders in all directions, in order to make of the 
barrage, as nearly as possible, a monolith, also with the 
view of permitting no solution of continuity, the two cul- 
verts have been tunnelled in the lateral counterfort. 

Since it was first filled, the barrage has undergone no 
change, and the leakage is less than was expected. 

The State contributed 570,000 francs to the expense 
of this work, and the town of Saint-Etienne 1 million 
francs. 

Commenced in 1861 the works were terminated in 
1866. M. Graeff, engineer in chief, directed the surveys 
and execution, with the assistance of MM. Contb-Grand- 
CHAMP, resident engineer, who drew up the preliminary 
plans; Dilogrb, who made the theoretic surveys according 
to which the profile of the barrage was decided, and db 
M0NT6OLFIBR, who was charged with the construction. 
(AnnaU des Pants et ChaiMsies, 1866, d"^ volume.) 



BARRAGE OF THE BAN. 



INSTRUCTED BY THE TOWN OF 8A[ST-CH4MOND 



VOK THE SERVICE OF ITS FOUNTAIN 



[Irawinga on scales varying from o°,ooo 076 lo """.ao. 

A barrage has been constructed on the Ban (a tributary 
of tlie Gier) with the object of storing in a vast reservoir 
[he water aeces.'^ary for the nninicipal conKumption and in- 
dustrial requirements of the town of Sainl-Chaaiond. 

This work is similar in many respects to the barrage of 
the Furens. established in the Goufire d'Enfer, the model 
of which is exhibited. It only diiTers in respect to dimen- 
sions, Ihc height being less, the breadth greater, the thick- 
ness reduced, and the pressure being increased (o 8 ki- 
logrammes per square centimetre instead of 6. 

Excepting the parapets, it is also in ordinary stone- 
work, and has been constructed with inferior ragstone. 

The depth of the water is only ia metres (instead of 
So) and is limited by a side-weir of 3o metres, over which 
the excess discharges ilself. 

The capacity of the reservoir has not yet iieen accurately 
determined, but it may be estimated at beltveen 1 ,700,000 
and 3,000.000 cubic metn-s. 

The water is brought by mean.x of a tunnel. 60 metres 
long, bored in Ihe rork which joins one of the Pxlremilies 
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of the barrage. In this tunnel are laid two pipes Ao cen- 
timetres in diameter, let into the masonry, and each ter- 
minating in two safety contrivances. One of these is a 
valve, which can be shut so as to close the pipe, the other 
is a Herdevin cock. The pipes supply mutually, and dis- 
charge into an open channel in stone-work from which 
the water can be conducted at will, either to the river, 
or to a culvert in masonry which conveys it to Saint-Cha- 
niond. 

A service-bridge was constructed to facilitate the execu- 
tion of the works. 

The cost amounted to 955,000 francs, of which the 
State paid aoo,ooo, and the town of Saint-Ghamond 
755,000 francs. 

In addition to this outlav, a sum of A5o,ooo francs 
was expended by the town , in the works of the aqueduct 
and in the distribution of the water, amounting altogether 
to i,fio5,ooo francs, at ils own proper cost. 

The sum now paid for the use of the water exceeds 
83,000 francs, without exhausting the stock available. 
This amount has no reference to the water consumed for 
municipal services which are, of course, provided gratui- 
touslv. The various industries of the town have received 
an enormous and, so to speak, an unhoped for develop- 
ment. The water is remarkably suited for dyeing, and 
does not produce incrustation in boilers. At the present 
time it is being utilised for the hydraulic elevator of a 
considerable manufactory. 

The success of an undertaking of this nature deserves 
(0 be remarked, seeing that it has been executed by a 
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second rate town, and almost without the assistance of the 
Stale. 

The only inconvenience worthy of notice is, that the 
water is easily disturbed by rain storms that follow the 
valley line of the higher lands, and the turbid water was 
carried directly to the pipes. An angle has been given to 
one of these pipes, a vertical pipe has also been placed 
so as to prevent this direct entrance, and to allow the 
water for consumption to be drawn from a higher level. 
Since this improvement the quality of the water has been 
much more satisfactory. A plan is also designed which 
will arrest the progress of the various matters brought 
down by the water. 

From 1866 to 1869 the works of the barrage of the 
Ban was directed by M. GnAEFF, then engineer in chief, 
to day inspector general, and from 1869 to 1871, by 
M. Lagrange, engineer in chief, who succeeded him. 

The works were executed under the immediate orders 
of M. DE MoNTGOLFiER, resident engineer «des Ponts et 
(Ihauss^esT). 



LIV 
ELEVATING MACHINES 

FOB 

THE SUPPLY OF THE CANAL FROM THE AISNE 

TO THE MARNE. 

(water-works op cond^-sur-marnk.) 



Drawings on scales of 3,,',^, to \. 

The canal from the Aisne to the Marne connects the 
navigable ways of the east of France with those of the 
north, and establishes a communication between the met- 
alliferous basin of Saint-Dizier and the coal mines of the 
north of Belgium. The important interests promoted by 
this canal justify its being regarded as a line of commu- 
nication of the first order. 

Its length of 58 kilometres is thus divided : 

Slope of the Aisne ^9,687 metres. 

Summit level 1 1,990 

Slope of the Marne 6,698 

Total 58.o35 metres. 



For its whole extent, the canal passes through an ex- 
ceptionally permeable stratum of the white chalk forma- 
tion, which required fo be made generally watertight. 
Besides this disadvantage, the district through which it 
|)asses offers no adequate resources of supply at a conve- 
nient level. In order therefore to furnish the volume of 



KLKVATlMi M\(:HINES uV iluNUK 335 

wafer necosHary al all liim-s lor nnvif^ation , it was ncueasiiry 
(0 liikc it I'rorii the ^Inrnc, iin<i raise i( lo thuHUtnmil level 
|jy llie iitH or pdwcrful ek'vating marliiiK^. 

This volume varies in the dilTerent seasons, but accord- 
ing lo accurate experiments, and with the present tralFic. 
it ought to attain Boo litres per second, during a great 
part of the year. But lo ensure the efficient service of so 
important a line of communication, to meet the ever-in- 
creasing rcquiremenls of navigation, to allow, al no dis- 
tant period, an increased depth of water, and linally. to 
■vborten the time of lilling, when some parts re(|uire emp- 
tying, it was indispensable lo he ahle lo supply much 
more than 600 litres, and ihi' system established can de- 
liver from the summit level i.aoo litres per second, which 
has lo be raised lo » height ol from 37 to 38 metres 
above the level of the Marne al Cond^. 

The power necessary to perform this great amount ol 
work was obtained by drawing a sulTicient volume of water 
from the Marne, hy means of a derivafion ranai which, 
starting from Chalons, desrcnds lo Condi' with a slope of 
o",io per kilometre , slighter than that of the valley, and 
reaches the basin, formed in front of the water-works, al 
a level sulTiciently raised above the river to create a fall, 
which varies fromti".t|'j during low water-mark to 3°, la 
in the highest risings. 

The dimensions of this derivation enable it to convey 
as much as 1 3 cubic metres ot" water per second, and this 
>|uantity is laken from the Marne by th<; aid of a barrage 
formed in front of Ihe town of (IhAlons. on the system 
Louiche-nesfonlaines. 
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The level of the head water near the works is regulated 
by means of a weir constructed with vertical cast iron 
plates, encloshig a space into which the overflow water 
falls, and is carried off by verticd pipes, the ends of which 
dip into a sort of shaft or well , level with the lower chan- 
nel, where its velocity is extinguished in eddies. 

This novel arrangement, which maybe usefully applied, 
has permitted the construction of a weir 4o metres in 
length, in a very limited space near the water-works, and 
whichs allow the water to fall from a height sometimes 
exceeding 7 metres. 

The mechanical system of elevation consists of five 
Kcechlin turbines placed in a line, and 10 metres apart. By 
a wheel and pinion, each turbine moves a horizontal 
shaft, the axis of which is parallel to the line of the tur- 
bines, and 3'",5o higher than the normal level of the head 
water. 

This shaft is supported by n frame formed of cast iron 
pillars, connected by a table and cross-braced by arcs of 
the same metal. 

Right and left of the three central turbines, are ar- 
ranged vertical double action pumps, of which the piston 
ascends and descends through the medium of connecting 
rods attached to crank pins at the extremities of the hori- 
zontal shaft of the corresponding turbine. Connecting 
shafts placed on the same level, and in continuation of the 
iirst , connect one system with another, and this is effected 
by coupling gear joining the crank pins. 

The turbines at each extremity serve as a reinforce- 
ment, and are not connected with pumps like the three 



ELEVATIM; MACHI\fiS MK CMNDK, 337 

intermediate ones, but only take their share of the work 
when the crank is put in gear with the adjacent sys- 
tem. By meao-s of the ({earinR thiir. I'ffertiid, tlie almost 
constant rpsisfanre rt'presented hy llie height of elevation 
of the water is surmounted, and it is always easy to put 
the turhines to the speed that agrees with the maximum 
of discharge, according to Ihe variation of the disposable 
fall. Another method also presented ilself of obtaining 
this speed, vix, to vary the resisting power, if occasion re- 
quired, by giving to each pura[> a single or double action; 
and for this purpose it was only necessary to put a vatve 
on the suction pipe rorresponding lo one of the faces of 
Ihe piston. 

The pumpM are o^.yS in diameter, have a stroke fd 
> metre, and can. without dilBrulty, work up to 9 and 
10 strokes per minute. They are furnished with clack- 
valves, the arrangement of which constitutes the perfec- 
tion of these elevating machines. 

They consist of large rectangular valves pierced with 
eight oblong apertures, to which are attached small inde- 
pendent valves. They are mounted 011 a horizontal axis of 
rotation, proceeding from the clack-boxes by a stufTing 
box. and furnished with a small crank the pin of which 
is moved by a spring rod connected with the main shaft 
hy transmissions and an eccentric. 

This rod is arranged with springs, in such a manner 
that it can shorten or elongate according to the direction 
of the moving power, and its action iirst compels the clack- 
valve to descend, while in proportion as the stroke of the 
piston slackens, (he discharge becomes less, and to shut 
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at the inomonl the piston finishes its stroke. Directly the 
clack is down upon its seat, the spring rod ceases to act 
upon the pin of the small crank, changes its direction and 
allows the pin to slip into the fork at the end of the rod, 
where it slides smoothly until it touches the bottom. Then 
the rod recommences to act upon the clack-valve by at- 
tempting to raise it; the clack resists because it is held 
down by the pressure of the water, but the tension of the 
spring goes on increasing, and when the piston changes 
stroke and repulses the pressure of the ascending conduit, 
the clack-valve rises altogether, by the simple pressure of 
the spring. 

The four spring-rods of the clack-valves are worked by 
a single eccentric. 

A good valve should in the first place be light, and 
capable of being raised without effort, in order to permit 
the passage of a section of liquid equal to that of the 
pipes. Afterwards, when the piston is finishing the stroke, 
and the discharge of water is but small, requiring only a 
small section of pipe for its delivery, the valve ought to be 
sufficiently heavy to descend gradually towards its seat, 
and to rest there simultaneously with the termination 
of the stroke of the piston. 

The application of the mechanism adopted to regulate 
the movement of the clack-valves has realised these con- 
ditions, and the results have been most satisfactory, since 

« 

the pumps work up to 9 and 1 strokes per minute with- 
out any audible shock. The clack raises itself sharply, re- 
mains stationary during 98 hundredths of the stroke, and 
then falls hack gradually on its seat. 
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:ffly 



As soon 09 the iirtion ot (Iip spring-rods is suppressed, 
llie moveiiienl of the clacks beromes abrupl , nnd ihey fall 
violently on llieir senlB wilh shocks that would soon cause 
damage. 

The supply water brought up by the pumps is raised 
to the adjacent bill by a force conduit formed by two rows 
of pipes o^.So in interior diameter, and is then discharged 
into an open channel which, after a mnrseof ^JioSmetres, 
brings it In the summit level. 

The first cost of establishing this system amounted to 
the sum of q,538.o()q^7o', divided as follows : 

linncrai eipoiises, suporinlpodence ■iD,8'i7',87' 

Purchase of ground. .IfiSilflo ,o(i 

Ganducttiig canal 777, iSs ,k-j 

Ducbargc Ganal, weir, cooetruction or macliioes, 

Bpproaclies and arceggoriea. hi S.gHa ,06 

AsMniional ronduit and channel A63,8o5 ,56 

Elevating machine.i fi83,B8fi ,73 

Total a,53S,Oi(9'.7ft' 

On the other hand the annual working expenses are : 

Salarii;! and wngcs (),3oo',oo' 

Oiling and cleaning macliinef. . . . 5,D39^7f ' ] 

Packing nf piilons and glandt 5i3,oo [ 6,36(>,77 

Firing and light! bih ,06 ) 

e of machines, canals and buildinf^a. . 'i,333 ,a3 

Total ao.ooo'.uo' 



The Cond«^ works have been m operation since October 
i8t>(), and supply a canal &8 kilometres in length, and 
on wliirh the annual Irallir is nearly ioo,ooo tons. 
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Numerous experiments have demonstrated that the ob- 
ject ori{]^inally proposed has been completely and eco- 
nomically attained, and that not only are present require- 
ments adequately met, but those of the future are amply 
provided for. 

The product of the pumps in volume, /. e. the relation 
between the volume of water actually raised and that 
moved by the pistons, has been found to vary from o,^48 
to 0,971. 

The mechanical product in water raised, /. e, the 
relation between the actual work done by the system and 
the gross power furnished by the fall, amounts to 0,67- 

In making a comparison between the actual working 
expenses and the volume of water raised in the second half 
of the year 187 1, it has been calculated that the cost ol' 
delivering 1,000 cubic metres of water at the summit level 
was i^o8% including the expenses of working-staff, oiling, 
cleaning, packing pistons, firing, lights, maintenance of 
machines, buildings, canals, etc. 

The works were planned and executed under the di- 
rection of M. DuRETESTE, engineer in chief, by M. Gkrar- 
DIN, resident engineer «des Fonts et Chauss^es». The tur- 
bines were furnished by the firm of Koechlin. The pumps, 
connecting gear, and frames were made by M. Clapar&de, 
constructor at Saint-Denis-sur-Seine, with the assistance 
of his engineer, M. Boulogne. 



DAM AND SIPHON-WEIK 

OF TUB HBSERVUIR OF U1TTERSHEIM. 

(tiAltAL OP TUS COAL ItlNRS OF THK SARHE.) 



ni)del ri^reseiiliug aeelioa of dam and mtcliiaerf of stpbon, eoniplele, 

on a scalu of o^.u^iS (une forlielb). 
Hifailof fekliin);'" liihc (ainorceur), »(ale of o",!!) (one Icrilli 1. 



Tlie reservoir of Mittersheim supplies p»rt of the cimal 
of ihn Sarre coal mines, and Is formed by a barrage In 
the vallej of Naubach, where il conslitutos a reserve of 
water having a surffici' of 96 1 hei'lares, and a maximuiu 
depth of 8"", 10 abovf the bolloui sluice. Its total ca- 
pacity is y millions of cubic metres, and of this quantity. 
5,800,000 (etjual to a volume of water 3°','j6J can be 
appropriated lo the Kopply of the canal. Local circum- 
stances require thai the regulation level of the reserve 
should not be appreciably exceeded, and to ensure the 
perfect working of the weir, it has been necessary to re- 
duce this limit (o o'".o5. 

Oavi. —The dam is SSa^.So in total length, 8",ya 
in depth from the capping lo the bottom plug or sluice, 
6 metres in breadth at the lop, and attains a maximum 

"' Tlic word ?:lcl('LiD(>-> ia uinplujeit in llii: case of n |nimp, when piiU- 
iu|; il iu molioii. anr] Ihe ('irrumBlanceK being ualggoUB, il is iummI ll'^rt 

(Tratulnlor.) ' '' ' " 
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breadth of 3 6°, 80 at the base, in the bottom of the 
valley. 

It is formed of a core or body of puddled earth , faced 
with masonry on the side of the water. The upper face 
presents a series of inclined walls separated by risbermes 
slightly sloping. Each wall corresponds to a height of 
9"\5o bv a breadth of 9 metres, and each risberme is 
o°',6o in height by 3 metres in breadth, so that each 
bench gives a total height of 3*°, 1 o and a horizontal breadth 
of 5 metres. There are one , two , or three benches accord- 
ing to the varying height from one profile to another, the 
lower bench being reduced to the dimensions required. The 
lower wall rests throughout on a foundation wall of varying 
height, but which everywhere penetrates to a bottom per- 
fectly impermeable. Each is faced with masonry, o^'fSo in 
thickness at the top and o"',7o at the base, which rests 
on a solid mass of beton. The risbermes are covered with 
stone paving, resting on a layer of beton, and have alto- 
gether a breadth of o'^fSo. The upper wall is surmounted 
by a parapet, 1 metre in height, which protects the road- 
way against the waves. 

The lower face of the dam presents, starting from the 
top, a first talus, A metres in height by G metres in breadth , 
then a horizontal bench 3 metres in breadth, and lastly a 
second talus a metres in base for 1 metre in height, going 
down to the natural bottom. This down-stream face is 
thoroughly drained by means of small channels descending 
from I™, 20 above the surface and filled with broken stone, 
and which discharge into a ditch at the foot of (he dam. 

Siphon-welr, — The regulating apparatus consists of two 
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large cast iron siphons, o^.^o in interior diameter and 
o'',o9a in thickness, cominuDicatinj;, by iheir ascending 
branch, with the reservoir at 3'°,r)(i below the reserve, 
find by their descending branch, with a discharge canal in 
which Iheir uriFice is ke[>t under water by means of a small 
barrage. A small tube, o°', i 5 in diameter, is joined to each 
siphon and follows it throngliont the whole of the bend. 
The lower orillce of this tube discharges into the same 
canal in which the end is also submerged, while the up- 
per orifice opens into the reservoir exactly on a level willi the 
reserve. This lube serves as a fetching tube, amorceur, for 
the siphon, and both are in permanent communication by 
means of a bent pipe, which connects their most elevated 
points. The he>td of the fetching tube is in cast iron, and is 
enlarged in the shape of n hell. expanding horizontally fo 
an arc of a circle with a rndins of o^.So. The two sides or 
lipK (livres) of this head an; profiled in such a manner that 
the lower lip presents to the water a horizontal line of over- 
fall placed exactly at the normal level of the reserve. The 
upper lip is terminated by a rounded surface, tangent, in 
its whole development, to a horizontal plane passing at 
o",oo5 above the lower lip. From these arrangements it 
results that the orifice of entrance is onlv submerged when 
the level of the water rises lo more than o^iOob above 
the regulation reserve. The fetching (amorceraenl) is then 
effected In the following manner. 

As soon as the water rises above the regulation r 
it Hows over the lower tip of the fetching tnhe; if Ihrs 
elevation attains o^-ooT), the entrance orifice of the 
fetching tube is submerged, and from that limi', the air 




344 DAM AND SIPHON-WEIR OF MITTERSHEIM. 

coatained in the fetching tube, in the siphon, and in the 
upper tube, ceases to be in communication with the 
atmosphere. Then the water, in overflowing, draws the 
air from the small tubes and exhausts that of the siphon , 
and there ensues a diminution of pressure in the interior 
of the apparatus, the water ascends into the siphon, the 
fetching takes place, and finally the siphon works with 
increasing speed and discharge. 

But another phenomenon prevents the pressure from 
indefinitely diminishing, and the delivery from indefi- 
nitely augmenting. The increasing velocity of the water 
entering the fetching tube creates, near its head, a partial 
depression in the plane of the fluid; this depression 
deepens in proportion to the augmentatio/i of speed, and 
at last reaches and uncovers the upper iip of the orifice, 
thereby causing the admission of a certain quantity of air 
into the apparatus, a consequent increase of interior 
pressure and a diminution of speed. The same facts 
being successively produced, there results from these 
two opposing tendencies, a series of oscillations corres- 
ponding to the shutting and liberating the upper lip of 
the fetching tube. This stale of agitation soon ceases, and 
a steady movement is established, during which there is 
a simultaneous issue of water and air. 

When the rising of the water ceases, the level of the 
reservoir lowers, and the same phenomena are produced 
in an inverse direction; the siphon action stops, and the 
flow is arrested when the plane of the water returns to its 
normal height. 

A few millimetres of elevation in the plane of the wa- 
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ler, above the fetcliinfj tube. sulHce to cause a iiiiiiked 
increase of speed. The air ceases lo enter, and ibe water 
escapes I'rou) tbe tilled lube before ibis elevation bas al- 
tained tbe permissible Jimit, o'",o5. Tbc discbarge is ibeii 
o^.fio per second, a i|uanlity greater than ihe maximum 
delivery of ibe risings. 

In order to exercise complete control over the apparatus, 
ibe bead of the fetching tube has been disposed in such 
a manner tiial it can be raised or lowered in a single 
piece, by the aid of a regulating screw, the impermea- 
bility of the com mim [cations beinj; assiin-d by free dilata- 
tion joints. In addition, a small vertical iron valve gate 
bas been placed in tbe bead of the fetching tube, and it can 
move round a vertical axis, without ceasing to (it closely 
to tbe interior of the two lips, which allows the entrance 
aperture and consequently the discharge lo be varied. Tbc 
regulating is efTccted once for all, and tbe apparatus ai- 
terwards worlis auloniallcaliy and requires no supervision. 

Tbe apparatus is double, and consists of two siphons, 
each of which is furnished with its own fetching tube with 
tube of communication. Thus oacb siphon forms a com- 
plete system, capable of workm^ by itself while tbe other 
may re(|uire lo be examiued, repaired, or regulated. 

All the pipes of tbe two .siphons are contained in a 
squaro covered shaft, (j'°,56 squan' at the lop: tbc thick- 
ness of tbe sides i'".3 at tbe upper part, increases by 
reason of an exterior tapering of one tenth, and of va- 
rious interior counterforts serving as supports lo tbe cast- 
ings. In addition, two small semi-circular arcb<>s, i metre 
and i"'.(io in liri'adlb, slmre W[)tb<' Ifips uf these sides in 



k 



346 DAM ANft SIPUON-WEIR OP MITTERSUEIM. 

order to resist the thrust of the water, in the event of the 
shaft being emptied. The lower arch bears the heads of 
the fetching tubes and the siphons, while the upper one, 
perpendicular with the first, carries tbe lifting jack-screw 
of the bottom sluice and the covering slabs. Two culverts 
terminate in the centre of the well : the one, on the up 
stream side, is I'^ySo span and i"',8o in rise below the 
key, and establishes a constant communication with the 
reservoir, so that the heads of the fetching tubes arc 
always in still water; the other, on the down-stream 
side, is i",2 by o",6o, and is kept closed by a cast iron 
sluice which can be worked from the top; it runs into 
the discharge canal and serves to empty the reservoir, in 
case of need. By opening the cast iron sluice and clos- 
ing the first culvert, by means of small beams fitting in 
grooves contrived for this purpose, the well can be emp- 
tied, and all the parts of the siphons examined and re- 
paired. Their ascending branches terminate in the reser- 
voir by bell shaped circular orifices, and are fitted with 
gratings and clack-valves. The discharge culvert, into which 
the descending branches of the siphons and fetching tubes 
empty themselves, is closed on the down-stream side by 
a small barrage-weir, which retains the orifices of these 
pipes constantly under water. * 

The idea of employing fixed siphons as weirs for the 
regulation of a reserve was proposed by M. Girard and ap 
plied to the Southern canal; but large siphons have been 
employed there, which required considerable variations 
in the level of the reserve, to put them in motion or to stop 
them. 
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The peculiar conditions existing at Mittershelm, and the 
very restrained limit permissible, o"',o5, led M. Hirsgu, 
engineer « des Fonts et Chaussees n , to invent the special 
system of fetching tubes, which has completely fulfilled 
the purpose for which it was intended. 

The works were planned and directed by MM. B^xard, 
engineer in chief, and Hirsgu, resident engineer ?^des 
Ponls et Chaussees?', from i8G4 to 18G6. Water was let 
into the reservoir in December 1866, and the siphons were 
put into action, for the lirst time, on the 19*'' January 
following. 
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COLLECTION OF PHOTOGRAPHIC VIEWS. 



Twenty-two albums. 

A series of albums conlaining views of the principal 
works executed on the different lines of communication in 
France, viz. : 

SECTION I. 



Koads 



1 



SECTION II. 

Bridges 3 

SECTION III. 

Northern Company. — Western 
Company i 

Paris, Lyon and Mediterranean 

KaiJNvays / Company i 

Southern Company i 

Orleans Company 3 

Stations i 

SECTION IV. 

Rivers *.. ... i 

hilcrior navigation • j ^ i 
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8ECTI0TS V. 

^ ALBUHS 

!The Channel i 
The Atlantic i 
The Mediterranean i 

SECTION VI. 

Lighthouses i 

SECTION VII. 

Canals for water-supply i 

Water-works. Supply of Paris i 

SECTION VIII. 

^ ,,.,., ,. ( Various edifices i 

Public buildinfifs. ..<,„. ^ 

^ I The Opera i 

A part of this collection is reproduced in a work en- 
tillfid : tlie Public Works of France, published in Paris under 
the auspices of the Ministry of Public Works. The first 
numbers of the work appear amongst the objects exhibited 
by this Ministry. 



LVIl 
NATIOIVAL SCHOOL 

^DES FONTS ET CHAUSSEES^, 



More than a century has elapsed since the establish- 
ment of the School ^des Fonts et Chauss^es^. 

The pupils destined for the corps oi engineers ^des PonU 
et Chxiussies » are chosen exclusively from the Folylechnic 
School ^^\ 

Independently of the engineer pupils of the State, the 
School « des Fonts et Chaussdes -n receives r^ (Aleves externes » 
either French or foreigners. After passing an examination, 
they are admitted to attend the courses of lectures, and 
to participate in all the interior studies of the School ^*l 

Finally, in order to assist candidates in passing the 
preliminary examination, a preparatory course of study 
has been instituted in the School, and is specially in- 
tended for young men desirous of being admitted as 
«^l^ves externes ». 

The instruction is entirely gratuitous for the «eleves 
externes ?» and for the pufiU of the preparatory course, 

(') Sec the Nolice on the School ctdes Ponts et ChausseesT) appended to 
the documents exhibited by this School. 

-') See, in the same documents, the conditions of admission for r^l^es 
externes 9 and the conditions of admission to the preparatory course. 
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NOMEJtnLATVRE OF THl! COURSES Of LECTUBES 
■WD OF OTHEH DOCUMENTS 

PBKSKNTKtl TO THF HSITEIISAL E]llllHITIO'' AT rHIL*DRI.PItl*, 



I.- ADMINISTRATIVE DOC(JME\TS. 
( DanimOQls roller.led m oris volume in-S". 



Notice on ihe Scbooi idea Ponts pt ChaiiMa^es-. Pni'is, iSyS, 
I panipb. 8'". 

Decree of i3''' October i85i. enacliDg ihc nrgnnisntion o! the 
Corps "Aes Fonts et Chatiseto". Paris, 1867, 1 painph. 8". 

Decree of i3" OeloHer i85i, enacling the orgonisalion o( the 
School "dcs Ponts et Chausa^". Paris, 1867, 1 pninph. 8". 

Internal regulations of the Scbooi ndea Ponis et Chaiiss^n. 
Paris, 1875, 1 pajiiph. 8"', 

School "des PonIs el Chatias^ess. — Admission of c^lfeves ex- 
lernesn to the courses of lectures al the School. — Decrees, ordns, 
decisions. — Progrouiiue of allaininents required for admission. 
Paris. 1876, 1 pnmpli. 6", 

Preparatory courses for the Scbooi fdes Fonts et Chauss^n. — 
Decrees orders, decisions. — Programme of attflinments rei^uired 
lor admission. Paris, 1875, t pamph. H". 

il.^ INSTRUCTION, 



Programme of inslrorlion at the School ndea Fonts el ChnosMW" 
drawn tip hy (he Council of ihe School, and approved hy the Min- 
isler ofPubfic Works. Paris, 1876. i vol. A". 

Bbmssk. — Course of applie<l mechanics delivered nt the School 
trdes Fonts et Chauss^esn : 

t" part. — Itesislance of malerials. Second edition. Paris; 
Gauthier-Viilars, tgCfi. i vol. 8'°. 
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a"'' parf, — Hydraulics. Second edition. Paris, Gaulhier-Vil- 

lars, i8(]8, i voL 8'". 
S"^ part. — Calculation of bending moments in a beam with 

more tban one span. Paris, Gauthier-Villare, i865; text, 

1 vol. 8'°; atlas, i vol. folio. 

(loLLiGKON (Edouard). — Course of mechanics applied to con- 
struction : 

i" part. — Resistance of materials. Paris, Dunod, 1869, 

1 vol. 8^^°. 
a"'^ part. — Hydraulics. Paris, Dunod, 1870, 1 vol. 8"*. 

Bayle. — Course of mineralogy and geology applied to construc- 
tion. Paris, 1 869-187/1 , 1 vol. /i*** lilhog. The first part is published. 

Garnier (Joseph). — Treatise on political economy, social and 
industrial; didactic exposition of the principles and application of 
this science. Seventli edition, Paris, Guillaumin, 1873, 1 vol. i3'"\ 

Mangon (Hervt^). — Treatise on rural engineering. Paris, Dunod. 
1876. — The 3"* volume, comprising agrtadtural machines, is 
published. Text , 1 large vol. S"""; atlas, 1 vol folio, a 6 engravings. 
The other volumes will appear subsequently. 

Mangon (Herv^). — Practical instructions concerning drainage, 
collected by order of the Minister of Public Works. Third edition, 
Paris, Dunod, i863, 1 vol. 19' 
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Baron. — Notes taken by the pupils, at the course on the con- 
struction of roads. Paris, 187^-1875, 9 vol. 4'" lithog. 

MoRANDi^RB. — Notes taken by the pupils, at the course on the 
construction of bridges : 

1" part. — General processes of construction. Paris, i865- 

1866, 1 vol. VMithog. 
9"^ part, — Course on bridges, properly so called. Paris. 

1866-1867, 9 vol /i*- lilhog. 
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MoRAMDi^B. — Treati8o on the construction of bridges and via- 
ducts in stone, wood, and iron, for roads, canals and railways. Paris, 
Dunod, 1875, text V", atlas folio. The two first parts are pub- 
lished. 

Mary. — Notes taken by th^ pupils, at the course of internal navi- 
gation. Paris, 1868, 1 vol. /i'** lithog. 

Mary. — Appendix to the couise of internal navigation. Practical 
details on the water supply. Paris, i8(>8. 1 vol. h*'* lithog. 

Jmiqmin. — Steam engines, f.^jctui'es given in 1869-1870 at Ihe 
School ffdes Ponls et ChaussA*8»». Paris. Oarnier, 1870; text, a vol. 
8''; atlas, i vol. /i^ lithog. 

G^RARDiN. — Course on steam engines, given at the School rrdcs 
Ponts et rihauss<^esD. Paris, 1876, 9 vol. fi*'* lithog. 

Baziine. — Notes taken by the pupils, at the course on railways. 
Paris, 1868-1873, 1 vol. /!*• lithog. 

SkCQUiy, — The working of railways. Lectures given in 1867 at 
the School tdcs Ponts et Chauss^esn. Paris, Oarnier, 1868. 9 vol. 

Jacqmin. — Railways during the war of 1870-1871. I/ecturcs 
given at the School «rdes Ponts et (^haussi^n. Paris. Hachelte, 1 87a, 
1 vol. 8'*. 

Chbyallirr. — Notes taken by the pupils, at the course on mari- 
time works. Paris, 1871-1873, 1 vol. 4'" lithog. 

Voisi«i-Bry. — Course on maritime works, given at the School 
fdes PonLs etChauss<WT>. Paris, 1875, 1 vol. V° lithog. comprising 
chap. I and vni. 

RBYNAnD (L.). — Treatise on architecture : 

i" part, — Art of building. — Studies on the materials of 
constniction and the elements of edifices. 

93 
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5)"' part, — Composition of edifices. — Studies on the aesthe- 
tics , history, and present condition of edifices. Fourth edi- 
tion. Paris, Dnnod, 1870-1876; text, a vol. 4**; atlas, 
ft vol. folio. 

Aucoc (L^ri). — Conferences on adminislratiou and adminis- 
Irative law, given at the School trdes Fonts et Chaussto?). Paris, 
Dunod, i86()-i87o, 9. vol. 8". (Vol. Ill is in the press.) 

Ddrand-Claye (L.). — Course on chemistry applied to materials 
of constniclion, natural water, soils and agricultural products. 

1" part. — Chemical analysis. — Trial of materials of con- 
struction. Paris, 1875. 1 vol. h^ lithog. 

j«"^ part. — Properties of materials employed in construc- 
tion. — Notes on lime and mortar. Paris, 1867, 1 vol. /i'" 
lithog. 

*J. CONFBRBNGES. 

Aniot. — Summary of conferences on the electric telegraph. 
Paris, 187/1, I vol. li'" lithog. 

Davanne. — Summary of c^nferenc^ on photography. Paris, 
187 4, 1 pamph. /i*" lithog. 

CoDNBS. — Summary of conferences on pisciculture. Paris, 1868, 
1 vol. V" lithog. 

TaoNQOOY. — Instructions on the execution of surveys of machines, 
and making the drawings clear. Paris, 1868, 1 vol. h^* lithog. 

Voisin-Bby. — Conferences on the maritime canal of Suez , given 
at the School rrdes Ponts et Chauss^n. 

CoNTE. — Conferences on the tunnel of the Alps, given at the 
School frdes Ponts et Chauss^es^. 1 vol. U!" lithog. 

Marchal. — Conferences on the adjacent road service, given at 
the School rrdes Pontn et Chaussc^D. Paris. 187^, 1 vol. U^* lithog. 
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3. VARIOUS DOCIFMRNTS. 

Mangon (Herv^). — Laboratory and experimental workshop at 
the new IMp6t of the School crdes Ponts et Chauss^esrj. Paris, 1871 . 
1 pamph. 8'". 

Collection of drawings distributed to the pupils of the School 
ffdes Ponlset Chauss«$es?». Paris, iSIVy-iSyB; text, -i vol. 8'"; atlas, 
t) vol. folio. 

Catalogue of books composing ihe library of the School trdes 
Pouts etChau9ste». Paris, National Printing Office, 187a, 1 vol. 8""*. 

Catalogue of models in the galleries of the School rrdes Ponts et 
(ihauss^'*. Paris, National Printing Oflico, 1873, 1 vol. 8'". 

U. RRPORTS 
PIBLISRID BT BNGINEERS KE«(T TO OTHKR COl-%TRIES 0^ SPECIAL MISSIONS. 

Mal^zieuv. — Public works in the United States of America in 
1870. — Report of mission published by order of the Minister of 
Public Works. Paris. Dunod, 1878, text and atlas, ^ vol. /i'\ 

Mal^zieux. — English railways in 1873. — Report of mission. 
Paris, Dunod, 1876, 1 vol. V\ 

Dartbin (De). -^ Study on Lombard architecture and the origin 
of the Roman-Ryzantine architecture. Paris, Dunod, 1865-1873; 
text, 1 vol. 4'*; alias, 1 vol. folio. 

Choisy. — The art of building amongst the Romans. Paris , Du- 
cher and Company, 1873, 1 vol. small folio. 

Croizette-Desnoybrs (Ph.). — Notice on public works in Hol- 
land. Paris, Dimod, 1873, text and atlas, 9 vol. /i'\ 

5. PUBPARATORT COURSRS. 

CoLUGNON (Edouard). Course of analysis and mechanics, given at 
the School trdes Ponts et Chauss^es^. — Notes taken by the pupils. 
Paris, 1876, 1 voL /i'* lithog. 

j3. 
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Gariel. — Coarse of physics, given at the preparatory School 
(rdes Fonts et Chauss^n. — Notes taken by the pupils. Paris, 
1876, 1 vol. 4*' lithog. 

Fillet. — Course of descriptive geometry and stereotomy, given 
at the School trdes Fonts et Chauss^s.n — Notes taken by the pu- 
pils. Paris, 1876, 1 vol. A** lithog. 



CEMRAL SOCIETY FOR THE RESCUE 

OF SHIPWRECKED PERSO.NS. 



Troplij of safuty c 

Organization. ~^ This sociely orifjinated in a commis- 
sion insliluled in i8t)o, by llio Ministry of Public Works, 
for the purpose of taking into consideration the necessary 
steps for the eslabiibhmcnt of a complete service of rescue 
on the coasts of France. 

Full particulars were obtained of the slate of societies 
previously existing in some of our ports, as well as of the 
arrangements adopted in England. Those points of our 
coasts which figure most prominently in the annals of 
maritime disasters were also inilicaled, and the commis- 
sion having made itself acquainted with the preliminary 
details, and with the conditions indispensable to the for- 
mation of a society, decided upon a plan of organization, 
at the same time expressing an opinion that the objects 
proposed would be more effectually accomplished hy the 
agency of a private society, than hy that of the Govern- 
ment, and that oDicial action should be limited to assis- 
tance and encouragement. 

About the same time. M.Gudin, a marine painter with 
just claims to celebrity, sought, with the aid of some 
friends, the best practical means of developing in France 
a system of rescue similar to that employed in England. 
M. Gudin was deeply moved by s('*eral deplorable raluuii- 
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ties of which he had been an eye-witness; and the subject 
appeared to him of the greatest importance , not only on 
the score of humanity, but as concerning the honour of 
France that the coasts should no longer remain unprovided 
with the necessary appliances for rescue. 

In this manner the elements of a private society were 
formed, and obtained the approval of the commission. 
Statutes and regulations were drawn up, and a decree, 
dated the 17*'' November i865, recognized the public 
utility of the Central Society for the rescue of shipwrecked 
persons. 

The iirst president chosen , was admiral Rigauit de 
Genouilly, who, up to the time of his death, was indefati- 
gable in his devotion to the work. 

The Ministers of Finance, Marine, and Public Works, 
are honorary presidents of the Society, which is adminis- 
Cered by forty members, of whom one fifth are renewed 
by annual election. 

Nine members chosen from the council form a com- 
mittee of management, and meet twice a month. One of 
these is appointed by the council to be the acting dele- 
gate. He represents the Society, signs orders for payment, 
and sees that the measures adopted are carried out. Two 
inspectors, naval officers, superintend the arrangement 
and opening of new stations, as well an the working of 
the service all along the coast. 

Wherever a life-boat is placed by the Society, a local 
committee is instituted, which manages the service and 
forresponds with the contra! committee. 

The cockswain of the boat is paid by the year, and the 
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crew receive a certain sum everv lime the boat puts to sea 
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eithei* for exercise or for the purpose ol savinf; life. 

Fimmeial resourcet. — The pecuniarv resources of the 
Society consist of the revenue of the roserved capital, an- 
nual subscriptions, voluntary gifts, and grants made hy 
the chambers of commerce, the communes, deparlmenls 
or the Government. 

Up to the i" January 1H76 iht^ receipls amounted to 
t. 8 8 g, in II fr. ii cent. The Ministry of PuhUc Works also 
came to the assistance of the Society, and at the expense of 
the State ordered the construction of forty seven shelter 
sheds for the life-boats, an<l the expenses of these build- 
ings may be esliaiated at ahout doo.oon francs. 

Lifv lavitiff apparafun. — These are of various kiitdv: 
the principal are life-boat^, nnd the mortar apparatus. 

Life-boaU. — Numerous experiments were made with 
various tvpes of life-boals, by a commission in.><(itiiteil at 
(Jlierhourg. and composed of officers and engineers of the 
navy. These trials resulted in the selection of the average 
model adopted in fjnglanil by tlie Royni Niiltonal Lifv-bml 
liutUution. 

■ This boat is manned by twelve men, luctuding the 
cockswain and m;ite. and is provided with air boxes which 
render it insubmei-slble. A double bottom, litted with valves, 
pnahlfs it to empty Itself instantly when a wave breaks on 
board; if upset, it rlfThls immediately, and it goes well 
either with sail or oars. Experience has fully justifie'd the 
choice of the Society, and the ci>a5it populations now mani- 
fest the greatest confidence in llir'se boats, llie PAcellencc 
and value of uhiili llie> know l)> experience. 



360 CENTRAL SOCIETY FOR THE RESGOE. 

Mortar apparatus, — Greater difficulties presented 
themselves in* the selection of this^ apparatus. Those used 
in various countries, and particularly in England, were 
the Manby mortar, and rockets of different sorts. The 
disadvantages of the mortar are, its weight, which ren- 
ders it difficult to transport from one part of the coast 
to another, and the h'ability of the line to be broken by 
the abrupt tension produced at the departure of the pro- 
jectile. The rockets are expensive, easily spoiled, and re- 
quire to be managed by persons accustomed to their use. 
They have, however, afforded valuable assistance in many 
fnstances, and the French Society did not give up the idea 
of adopting them , after the introduction of some improve- 
ments. But something more practical was required, some- 
thing thai might be available at every point of our coasts, 
and with this view, the Society communicated with captain 
Delvigne, whose name was associated with some important 
works on weapons of war. The first question put to him 
concerned the possibility of employing the muskets of the 
custom house officers, for the purpose of discharging ar- 
rows carrying a light cord, in order to assist vessels strand- 
ed near the shore. This would meet the wishes of our re- 
venue officers, for these excelleat men were frequently 
witnesses of scenes of shipwreck , and were distressed be- 
yond measure to see unhappy beings perish before their 
eyes , while they were powerless to render assistance. 

Such was the origin of the simple and ingenious inveu- 
tion , which became the base of the system since adopted 
and successfully applied , since 1870, along the whole ex- 
tent of our coasts. 
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111 urder lu obviate ihe abrupt .shock iraused to the liint 
by the prujectiie, at its d(!|i3rtm-e, the idea occurred to 
M. Delvi(|iie to attach the line to cord rings sliding alonf; 
the arrow, from the point to the end, where they stop(»ed. 
The inertia of the cord is thus gradually surmounted by 
the friction of the rings, and breaking is avoidt-d. The 
trials made in presence of the commission were deenie<l 
sutisfaclory, and several revenue posts were inimedintely 
supplied with the apparatus, which enables a line to be 
fired a distance uf nearly 60 metres, with a charge of 
powder weighing 3 granimes, 

On board the gunnery training ship Louis XI V, as also 
at Ibe camp at Cbdions, experiments were made which 
fully demonstrated the advantages of the system, and ibo 
Minister of Marine lent to the Society some bronze swivel- 
guns 80 kilogrammes in weight, and some blunderbusses 
of ao kilogrammes. 

The lirst. discliai^c a wrought iron arrow, weighing 
n kilograiniueri, a distance of 3oo metres, with a charge 
of t 4o grammes of powder, and bearing a line 5"'~,5 in 
diameter; or 1 5o metres, with 5o grammes of powder and 
a floating arrow of wood weighing a kilogrammes. This 
last is carried the same distance hy the blunderbuss, vtilb 
the same charge. 

Sometime afterwards the .Ministry of Marine added the 
loan of some wall-pieces. These guns discharge a wooden 
arrow weighing a8o grammes, discharge a line a"",.^ in 
diameter, a distance of ion metres, with a rh;irgo of 
5 grammes of powder. 

AH these'ranges, just muutioned, may be taken as tlie 
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average results of a number of experiments, made under 
the conditions of calm weather or light cross breezes. The 
proportion is considerably augmented or diminished^ ac- 
cording to the strength and direction of the wind. 

But guns for military purposes are deficient in the con- 
ditions most favourable to the discharge of these arrows, 
and for the following reasons M. Delvigne proposed to 
have guns made expressly for the purpose : 

I. Considering that, in order to avoid breaking th(> 
lines, the arrows can only be discharged with a velocity 
much inferior to that given to projectiles of war, it follows 
that long bore pieces are useless; 

3. In default of velocity, a sufficient range can only be 
obtained by the weight of the arrow, from which follows 
the necessity of a relatively strong charge, and a greal 
power of resistance in the gun; 

3. The arrow can be considerably lengthened, and by 
this means. great weight is obtained with a small calibre, 
and the length of bore being reduced, the thickness of the 
metal can be increased without exceeding the weight of 
the war gun. 

In accordance with these considerations, the small steel 
gun with carriage was established, serving, with the blun- 
derbuss of the same weight, as a mean of comparison in 
respect of the range to be obtained. 

The gun-cannon (fusil-canon), invented by M. Del- 
vigne, can be fired from the shoulder, with a charge of 
1 o grammes; with a double charge by means of a support 
for the hook or rest at the extremity of tlie pk^ce^and with 
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a trifile or qiiiidrujile cb;iirffe. wliun tlie (iiere i-i plui-t!<l mi 
its littlit WDoden carria|;e. 

Tbe trials denioafilrated ihiit. villi a 3ini|)l<? cliarj^-. il 
will carry a wooden arrow ^oo frramoies lu weif^hl, wiUi 
a line ii'**'.^ in diameter, a distance of i3o metres. 

When ihe line, Crcd by cm? of these pieces, roaches the 
people in tbe kesscl, they make use of il to haul oo boards 
double gautlme. which is rove iii a single bioi-l attacbi'd 
to liie luasl. By means of (his, (be people on shore eend 
a hawser, which ihe crew malkC fast^ahuve the gantline , and 
then a round buoy wilh a leather sack, in which tJie shi|>- 
wreckpd people are successively brought to land. Such is 
the reciprocal movemeni of the apparatus. 

Other methods are employed, whieii. though they do 
Jiot carry aid to so great a distance, are valuable on cer- 
4Bin occasions : 

Lifi-helt*. — Various systems have been tried by the 
Society, and the preference has buen given to the one in- 
(rented by rear-admiral Ward. This consists of broad pieces 
of cork sewed on a linen hand: il is simpli' and solid, 
offers no obstruction lo the movement of tlie boily. and 
can be dehvered at the price of 6 fr. ao cent. This Iwll is 
very generally used along the coast; all the life-boats, and 
the craft attached to the lighthouse service, and a jpeal 
number of fishing huals arc provided with it. 

The Turrh linen. — All vessels ought lo he provided 
with this apparatus, Ihe utility of which is daily expe- 
rienced in our ports. The invention is due to M. Torres, 
of Havre, and consists of a line ti or 8 metres in length, 
« ith n small ort bmiv at one end , .ind a nnniher of 
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pieces of wood along its ieogih. If a man fails from the 
quay, by no means an uncommon occurrence, the line is 
immediately thrown to him , and he holds on to the buoy 
or one of the pieces of wood. He can even roll it round 
bis body, and thus make a complete life-belt. 

Leaded staves. — These are used to throw a line on 
board a small craft in distress at the entrance of the port. 

StaUons established. — Up to the present date the So- 
ciety has established 5o life-boat stations, and 3a 5 sta- 
tions of rescue. The latter are confided to the care of the 
revenue officers, and are furnished with mortar apparatus, 
belts, and other appliances of rescue. Thirty-one sea light- 
houses have been provided, by the Society, with wall- 
pieces (fusil de rempart) and wooden arrows. 

The Society publishes, under the title of Annates du 
Sauvetage Maritime, a journal containing an account of its 
transactions, as well as of all inventions and occurrences 
relating to the object of its mission. 

Results obtained. — From the period of its formation 
to the i'* January 1876, the Society has rescued 
1,947 shipwrecked persons from death. Assistance has 
been afforded to 970 vessels in distress, and 76 of them 
have been saved. 

For these rescues, it has awarded numerous gratuities 
and the following honorary distinctions : 

10 gold medals, 

6 4 silver medals , 

179 bronze medals, 

996 certificates. 

On the recommendation of the committee of manage- 
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ment, seven cockswains of life-boats have received the de- 
coration of the Legion of honour. 

On the 5*** May 1872, the Society suffered a grievous 
loss in the death of the president, admiral Rigault de Ge- 
nouilly. The council of administration nominated, as his 
successor, vice-admiral baron de La Ronciere-le-Noury, 
who had previously fulfilled the duties of president of the 
committee of management. 

The president of the committee is M. Dumoustibr dr 
Fr^dilly, director of Commerce al the Ministry of Agri- 
culture and (Commerce. M. Camille DoRii, retired naval 
officer, is the acting delegate. 

M. RouRET, retired naval captain, and M. Ragtot, naval 
lieutenant, are (he Society's inspectors. 

The seat of the Society is established in Paris, rue du 
Bac, 53. 



SECOND PART 



MINES. 
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The geulojjirai map seivi''c ol' FrHiin' huh ifislituk'tl by 
a decree of tho i" Oilober 1868. witli ii view to the pub- 
lication of a detailed jjeological reprei^eiitalioii of the 
rouuliy, upon the Stall' iua|i on the 80 ooo'^ 

For nearly two tbirdii of the territory, Ibe elements of 
ibis publication were already in existence, iu ibc shape of 
departmental maps executed under the auspices of the 
general councils, at difTeretit periods since the yenr 1 833. 
But these maps, executed and |iiiblished »n differenl scales 
and without any common plan, could neither be brought 
together for purposes of comparison, nor with tlie object 
ol constituting one coinplete work. In addition to this, few 
of them showed any acquanilancn with ibe recent pro- 
gress of a science which during the last lew years has re- 
ceived the most valuable accessions. 

In 1868, the fierxottnel of tlie scTvice was placed under 
tbe superintendence of M. Elie de Beaumont'", whose first 

"I Tins piTtonnrI ronsisleil of MM, tut Br Beiihobt, sennior, porjiPlun! 
«ecreUrf of UieAndcDiy of Sciences, inspvcior genaril orMinm, direclorof 
Ibe Krvice; B. di CaiRcoi'BToia. engineer in chief of Miaes. suti^iredor; 
EdmoiKl KicHf. A. PoTiin. A- oi. LtppAiiKT. H. Douiill^, F. Clemvlt, 
mining enpneprs; Gcitnn»r, uUadiMl Ic llic rolliTd'on"; Jicoi.i%hi, prin- 
ripal fpinle-minm, rliarKnl nilli llio j-rnpliic works. i[i4il t,.i^i.L t li 
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efforts were directed to the study of the Parisian district, 
and it was soon ascertained that, whatever care might 
have been exercised in the previous surveys of this dis- 
trict, it was necessary to recommence, in almost every 
part, the detailed exploration of the ground. 

For the documents composing a work of this magni- 
tude, it was necessary to establish a methodical and uni- 
form system of arrangement , capable of adequately 
meeting all the scientific and technical requirements that 
geology is called upon to satisfy; and this obligation, 
added to the necessity, before mentioned, of a new and 
more complete exploration, prevented the publication 
from being accomplished with the promptitude calculated 
upon at the commencement of the undertaking. In 1873, 
the work was not sufficiently advanced, to allow of send- 
ing to the Universal Exhibition at Vienna more than 
twelve sheets, forming a rectangle, of which Paris occu- 
pies nearly th^ centre, with their annexes, explanatory 
notices, longitudinal and vertical sections, photographic 
perspectives, etc. It should also be borne in mind, that at 
this period there were many obstacles to be encountered. 
The limited number of the members of the service, all of 
whom had other special functions to perform, in addition 
to their geological duties; financial necessities, defective 
organization of the service; all these circumstances con- 
curred in retarding the progress of the work. 

In 1 87*4 , a new arrangement of the service was neces- 
sitated by the death of the learned and illustrious man at 
the head of the work. The direction • was confided to 
M. Jacquol, inspector general of Mines, and in the course 
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of 1875, on the proposition of M. Caillaux, Minister of 
Public Works, the National Assembly, justly impressed 
with the importance of the undertaking, did not hesitate 
to renew a grant, by the aid of which the publication of 
from twelve to sixteen sheets per year may be expected, 
consequent upon the employment of an additional num- 
ber of assistants*, so that the completion of the work 
may be looked forward to, in a period of from sixteen 
to twenty years. 

The actual staff of the geological map service is com- 
posed of 

MM. Jacquot, inspector of Mines, director. 

MoissBNET, mining engineer, director of the assay 

department in the School of Mines. 
Edmond Fdchs, A. Potieb, A. dk Lappabent, H. Dou- 

Yiihi, engineers, 
GnTEBDBT, attached to the collections. 
Jkdlinski, principal garde-mines, charged with the 
graphic work. 
Besides indicating the authorities consulted, each sheet 
mentions the name of the engineer or engineers entrusted 
with the survey. 

The publication has, hitherto, been carried on at the 
National Printing Office. 

DOCUMENTS EXHfBlTED, 

These comprise : 

I. A central panel formed by the union of twelve 
sheets representing the extreme north of France. • 
Although the advantage of the grant voted by the As- 

«j4 . 
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sombly in iSyG can only be realized in the course of 
•iSyG, the geologic map service is now able to exhibit a 
new series of twelve sheets, all published or in the press, 
viz. : 

N" 3 (Boulogne), k (Saint-Omer), 5 (Lille), 6 (Mon- 
Ireuil), 7 (Arras), 8 (Douai), ii (Abbeville), vi 
(Aniiens), i3 (Cambrai), ao (NeufchAtel), ai (Montdi- 
dier), 2 9 (Laon). 

The panel , composed of twelve sheets united , shows the 
northern limit of the Parisian basin, in contact with the 
upheaval known as the axis of the Artois. It includes also 
the Bas-Boulonnais, where numerous strata crop oiit, and 
the greater part of the district of Bray, of which the irregu- 
lar upheaval is observed in bold relief, in the middle of 
the plateaux with a substratum of chalk, in Normandy and 
Picanly. The influence of this upheaval is obviously ma- 
nifest in the rectilinear direction of all the vallevs in 
Picardy, as well as by the lower chalk cropping up at the 
surface, in those valleys following the axis of the parallel 
anticlinal bends. 

The underground survey of the coal basin of the Nord 
and of the Pas-dc-Calais has been made with scrupulous 
care. After drawing up a detailed abstract of all the bor- 
ings for coal, a special plan indicates on the map the 
curves of level which show the appearance of the ancient 
surface, at its contact with the cretaceous deposit known 
under the name of tourtia. On the Arras sheet these curves 
are conspicuously important. 

Tho^ enable an intimate relation to be established be- 
tween certain accidents of depth and external features 
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wliiuli cliaraclerisp (he cunvexity ul' liii' Arlois antl the 
faults by which it is accotii|>iini<'d, 

The nutneroiis iauUs in the Biis-Boiiloiinais have hceii 
ilc|>iclecl with ail poGsible anaraf-V, as well as those which 
uii the ^eufch5lel sheet, hound at Ihc; north-east the 
upheaval of the district of Bray, Also, on the sheets of 
Uouai and CBmhrai, care has heen taken to omit none of 
the croppings of eocene sand and plastic clay, which occupy, 
for the most part, singular positions in thi- lissures nf the 
chalk, owing to a cunvulsiun or falling In , after theirdcposit. 

Mining operations are indicated od all the sheets, hy a 
sign characterising the siihslanco worked. 

a. Two side panels with dillereot spociwiens of sheets. 

The left side panel contains, besides the title sheet and 
introduction, a longitudinal section carried across the 
Beauvais sheet, in a transverse direction to the axis of the 
district of Bjay. Below, is a copy of the Arras sheet, with 
the curves of the level of the ancient surface. 

The right side panel comprises a trial sheet on the 
Aoouo"'. relating lo tlie untskirls of Paris, two sheets of- 
vertical sections, one for Paris, the other for Iheenvir 
of Bcauvais, and two photographs of quarries, reproduced 
by the photoglyptlc metiiod, and in which the perspective 
has been arranged in accordance with the corresponding 
geological scale, hy a geometrical diagram, 

3. A longitudinal section on the ,-^ and 75^ carried 
from north to south, across the Paris sheet, is figured 
below the three panels. 

!i. A special panel , cmnprising the (lalais sheet, shows 
ihe results of th'- survey undertaken hv Lw" of ihe engi- 
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neers of the geological service, MM. Potier and de La|i- 
parent, with a view to the coQstructioii of the submarine 
iunnel between France and England. The croppings up 
of the strata of gault, glauconite chalk, and marly chalk, 
tinder the straits between Calais and Dover, are represented 
as shown by the boring operations. The existence of two 
dips has been remarked in the bearing of these croppings; 
one on the French, and the other on the English side, 
between which no geological irregularity of importance 
is anticipated. 

This submarine geological survey has been traced ac- 
cording to the plan attached to the import of the French 
submarine railway association ^ and is exhibited with their 
permission. 

5. Map on the ^ of the south-westeni district of tlie 
Morvan, Environs of Saint-Honori^les-Bams. 

The environs of Saint-Honor^ are principally composed 
of porphyritic rocks bordered on the east by a granitic 
mass north-east-south-west, and disappearing in the west, 
following a general north and south direction, under a 
covering of Jurassic and tertiary deposits. 

Among the varied porphyritic rocks of this district, the 
most ancient appear to be volcanic, and are accompanied 
with tufa , diamorphic and metamorphic rocks. Their freest 
type agrees with the black anthraciferous porphyries, the 
epoch of which can be assigned with precision in the out- 
skirts of Autun, where they arc covered by the upper coal 
stratum. Towards (ihaniprobcrt and the east of Villa- 
pour9on, they are snperpo.sed by outliers of carboniferous 
limestone. 
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In the middle of this formation of intermediary por^ 
phyritic rocks, appear vast masses of acid quartiiferous 
poqihyry, extending through all Morvan, and of which the 
age can be determined with equal facility, since on the 
one hand, they traverse the lower coal measures, and on 
the other, pebbles are found in the conglomerate of the 
upper coal stratum of Autuo. Nevertheless, some of these 
porphyries appear to traverse the first strata. 

The following formations are indicated in the nia|) ex- 
hibited : 

iSDlllBKTAIV kTIATA. KBtPTIVI MOCkS. 



Alluvial 

Tei'liary slrata. 

Inferior oolite. 

Lias QiiarUuse veins. • 

Upper coti fomialion Granitic pinile. 

Taloous eurite or|;ranite. 

Quartxiferous porphyries 

with large mslals. 
Lower coal formation. . . ^^ Porphyrilic sandstone. 

Black porphyries. 

Porphyrilic tufas. 

Quartziles. 
Carboniferous stratum. . Carboniferous Hmestoue. 

Devonian slratnm Granulites. 

Silurian stratum Granite with lai^ cna- 

tals. 

• « 

The carboiiijerotu limealoHe formation is represented by 
the marbles (Champrobert) and calciferous schists (east of 
Villapour^on ). The limits of these croppings are marked by 
large fractures. 
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The lower coal formation may be divided into four stages : 

1 . The j)ase is composed of metamorphic quarlzites, 
frequently pyritous, which commence by conglomerates 
with quartzosc pebbles, and terminate in breaches already 
porphyritic. 

9. These breaches pass to the porpliyrUic lufas, con- 
taining in great abundance fragments of crystals much 
broken, and of very different dimensions. The older quartz 
and mica are found associated with hornblende, often 
transformed into serpentine, and with numerous frag- 
ments of felspar, especially triclinic. The magma is amor- 
phous, fluidal in mass, and here and there presents some 
veins of concreted chalcedony. 

3. The black porphyries are rocks analogous to the 
preceding, but more compact, less acid, and often fluid 
bv microlites. 

/i. Finally, the rosy porphyritic Hamlnlone constitutes, 
in the environs of Saint-Honor(5, the most elevated term 
of the series, and appears analogous to that contained in 
the layers of anthracite in the Loire. 

The veins of quartziferous porphyry which cut tlic pre- 
ceding series may be divided into three categories : 

1 . Porphyries of the lower coal measures , witii la»*ge 
crystals, brown, red, mottled, or even entirely black, 
with blackish pinite and chlorite or magnesian mica, some- 
times with a substance aphanitic, sometimes with a magma 
entirely crystallized, and visible to the naked eye. 

Submitted to the microscope, these poq)hyries present 
all the combinations between the- micro-granulitcs (Luzy) 
and the micro-pegmatites (summit of mount Gcnievre), 
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at)d frrqucntly cODstiliile beautiful niicro-pe[>'matile.s willi 
starrinjjs (los Forges iniiif Chides). 

■J . i*orjiliifnex of tlie lower conlfoimrilion , tnotlUj /^niiiilii,, 
ol a pink or fficenisli element, rich in talc, and containing 
a {rrcenish piniloid substance, but destitute of real pinite 
in hexagonal prisms. These rock!) also pass from varieties 
entirely crystallised, to absolutely compact silicious stone. 
By the aid of a magnifying glass, small globules may be 
distinguished, which give them an oolitic ap|)eurancc. In 
tlie microscope Ihey present beautiful varieties of micro- 
pyromerides with globules clustered together in a graau- 
litic magma rich in talc. 

3. Euritic or granitic paiyliyricn of the u/fer coul Jorim- 
lion, with a grev or pink element, containing real pinite 
and resembling the elastic curitc of the Setlc near Autun. 
In the microscope, these rocks are delicately spheroidal. 
The greater part of their globules are extinguished under 
the crossed nicols, but some of them present indications 
of black cross. 

The porphyries of the lower coal formation iill eiteiisive 
.sheaves of fnictures. tending N. -af E. and l\. 38''3o' E.; 
ihoKe of the upper coal formation appear almost always 
in a direction nearly east and tvest. are besides not very 
abundant. 

To the eruptive rock-dykes in llie district, succeed veins 
concreted with quartz, baryline, fluorine, hematite, py- 
rites, and galena. This is the ordinary filling of the vein.s 
of the liasic arkoses. 

The mineral waters of Sainl-Honor^-les-ltains were 
"used by the llojnans. and appear to have their source in 
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one of these veins, at its point of meeting with the wail 
of a porphyritic dyke. 

6 and 7. Enlarged photographs of eruptive rocks cut in 
thin plates. 

Each of the groups of photographs exhibited comprises 
six different rocks, reproduced with an enlargement of 
from 3o to 5o diameters. The apparatus, constructed by 
M. Nachet, permits the employment of polarized light. 

Tableau n^ 6 reproduces the granites, granulites, and 
pegmatites collected in France and in the Colorado. It 
indicates the analogy existing between the two granitic 
and granulitic series in Europe and America, and gives 
examples of the frequent mixtures of orthose, microtine 
and aibite, presenting themselves under the form of recent 
felspar, and filtering through the quartz the debris of the 
old felspar, lumped together. 

Tableau n" 7 comprises porphyritic types principally 
collected in the Morvan. It shows the fluidal structure 
of the black anthraciferous porphyries, the micro-gran- 
ulites, the micro -pegmatites and the micro -pyromerides 
with globules in extinction, previous to the upper coal 
formation , and finally the fluidal structure and the petro- 
silicious veins peculiar to the permian quartziferous por- 
phyries. 

The surveys relating to the j)lans and designs exhibited 
under n°* 5 , 6 and 7 , were made by M. Mighrl LivY, 
mining engineer, who also assisted at the pre{>aration of 
the gcolo{;ical map. 



LX 

GEOMETRY OF THE <r PENTAGONAL ROSEAU « 

AND GRAPHIC SPHERODESY. 



Instruiuents (case). 
Spherical drawings (models). 
Plane drawings (panel and porlfolio). 
Notices (thin books). 

The geometry of the pentagonal r^seau being suscep- 
tible of application irrespectively of geology, a separate 
collection has been made of the models, maps and papers 
intended to popularize the knowledge of it, as also the 
method of drawing on a sphere. Although these subjects are 
combined for the study of the r^au and of the geological 
alignments, they have themselves a more general range. 

A. Direetions for the practice of geometrical drawing on the 
sphere, and for its application to geography and geology. (Ex- 
tract from the Annales des Mines, 187 5.) 

B. Sphere in stucco representing the terrestrial globe di* 
minished to the 100 000 000^'* (the one hundred mil- 
lionth). Radius=o"',o637, circumference«=o",4, a degree 
-=« o",oo 1 1 , a grade =* o",oo 1 . 

C. Spherodesic instruments adapted to the preceding sphere. 
Rule (gifeat circle), square ( bi- right -angled- triangle) ; 
compasses (beam compasses). 

D. Spherical drawitig of the geodesic duodecimal, showing 
the meridians and [>arallels at every t o degrees. 
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E. Spherical drawifig of the geodesic decimal, showing the 
meridians and parallels id every i o grades. 

F. Splierical drawitig of the pentagonal riseau, comprising 
the plan of the lai principal circles; regularly coloured. 

G. Plane drawing entitled the PENTAGoyAL Resbav summ- 
ing up the relations of the Jive regular solids established in 
geology as the principle of co-ordination of the systems of moun- 
tains and of other facts of alignment, by AL Eue db Bbavmost, 
i85o. 

This drawing, which was executed in 187 A, presents, 
with an explanation in detail, the orthogonal projection of 
the reseau on the plane of one of the primitive circles and 
its gnomonic projection, for the quarter of the sphere, 
on the tangential plane which is the horizon of the centre 
of a pentagon. It corresponds to the spherical drawing, 
(F), and the figures are composed of the same t <j 1 prin- 
cipal circles, and coloured in the same manner. 

U. Applications of the preceding plane drawmg, Examples 
of geometi'ical itineraries of chxles of which the poles are 
given. 

K. i\otice entitled : On tiie pentagonal riseau of M. Eue 
UE Beaumont. (Extracted from the report of the Geological 
Society, i 876.) 

L. Besides the directions (C) and the notice (K), the 
models, maps and papers exhibited under the number LX 
are accompanied by an explanatory notice by the principal 
author M. A.-E. Beguyer db CuANcounrots , engineer in 
chief of Mines and professor of geology at the National 
- School of iMines, who there mentions the names of the 
different contributors. 
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STUDY OF THK GEOLOGICAL ALIGNMENTS 

AXD 

APPIJCATION OF THE '^ PENTAGONAL RESEAII. -^ 



Charl of survey on Ibc 80000 (panel). 

Globe wilh special mounting (mo<lol). 

Gnomonic planisphere (panel and portfolio). 

Mumeriral tables, dissertations, notices (tbin books). 

The study of the geological alignnionts, caused by the 
stratigraphic surfaces of the terrestrial crust, adjacent to 
the vertical, is continued from the facts of the last detail 
which directly concern the working of mineral deposits, 
unto the facts of the ensemble relating to the distribution 
of these deposits and of the eruptive phenomena. In all 
the degrees, these facts are shown in relation to orographic 
and hydrographic data. As a starting point, the result of 
a local study touching on the practical, is first presented. 
Then come an apparatus arranged to facilitate the most 
general theoretic study on the entire surface of the globe, 
and the application of the pentagonal reseau of M. Elie de 
Beaumont, — a gnomonic planisphere constructed for 
the same purpose, — also, the first results of the em- 
ployment of these means of investigation and demon- 
stration. 

STUDY RKFERRIXG TO A DISTRICT. 

A. Distribution of ilie mineral gites subordinate to the sedi- 
mentary deposits, by groups of alignments parallel to the other 



382 STUDY OF THK GEOLOr.lCAL ALIC.NMEMS. 

Ideological alignnienis and to the hearings oftlie mountain «y«- 
tems in tlie region of the Upper Marne, represented on the 
geological chart of this department on a scale of the 
80 000"', with a compass of bearings observed. 

B. Stratigrapinc studies, joined to the preceding chart. 
Papers in which M. Elie de Beaumont has treated the ob- 
servations upon the relations existing between the bearings 
ascertained , and those of the circles of comparison of his 
systems of mountains, and M. B. de ChancouHois, after 
describing the facts of the alignments which he has observ- 
ed, and which form the subject of the preceding remarks, 
extends this study to the third norlh-casl of France, by ihe 
aid of the geological chart on the scale of the 5oo 000'**. 

STUDY CARRIED THROUGH THE SURFACE OF THE GLOBE. 

C. Tables of the numerical data Jibing the circles and 
points of tlie pentagonal riseau, published by M. Elie de 
Beaumont in the Transactions of the Academy of Sciences, 
i863 and iSbG. 

D. Application of the pentagonal riseau to tlie co-ordination 
of petroleum springs and bituminous deposits, extended to the 
co-ordinaUon of the points or lines of eruption and emanation 
and of mineral gites in general. Paper of M. B. de Chan- 
courtois. (Extracts from the Transactions of the Academy 
of Sciences, i863.) 

One of the conclusions of this paper is that the align- 
ments are grouped on the globe, in systems o( great circles 
connected, each system being determined by one great 
normal circle, 

E. Globe on the scale of the 5o 000 000*'', With the sphe- 
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roilesic inslruiiientis (see LX ) and by means o\ the numer- 
ical data of ihe tables (C). as a preliminary, the Si jinl 
jinncipal circles of the pentagonal r^seau are traced upon 
this globe. Then, with the sante instruments, unA the 
armillaire beforfi monlioned (F), are traced some of the 
alignments described in the paper (D). 

Among others is traced notably the system of great ctrcles 
which has for its normal the primitive of the Bhine. There are 
in this system some terms partirtilarly worthy of remaric, 
viz., the circle of compBrisoii of the Pyrenees which passes 
by Etna, where its bearing is observed in the principal 
ridges of the Vai del Bove, and lie ([roups of lines of 
fracture which may be followed from the gtles of petro- 
leum of Bakun, at ibe extremity of the Caucasus, to the 
[■ites of the region of Ohio . and from the moutli of the 
Volga to the months of the fklJssissipi. 

F, Armilhiire d coupoles, fitted for the stodv of the farts 
of alignments on tbc geographical globes, and especially for 
Ihe verilication or enquiry inin the systems of alignment 
subordinated to one normal. 

Lt allows the globe to be turned round the axis of the 
poles of a given normal, and this axis to be brouRhl 
into the plane of the borixontal limb, at the level of which 
the rotation of the globe presents successively all the 
alignments of the system actually studied. 

C. OcTO-PLAMSPBERE GKOMosic. Map of the glohe tMinpatcd 
ill gtiomonic projectiqti on the eight faces of a regular drcttm- 
aerihed octahedron of which ihe eight Iriangles jn\liipospd 
show the dc\elopment with indication of the principal 
points of the peuta|;iiiinl f^sean which mark cm ibn n'rli- 
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linear tracing of this r6seau , constructed for the study of the 
ffeographic aligtimenU in general by M. £. db Cbancovbtojs. 

The globe to which this map corresponds is the reduc- 
tion of the • terrestrial globe to the loo ooo ooo^. One 
of the axes of the octahedron is put in coincidence with 
the axis of the poles, and two of the edges correspond to 
the meridian of the He-de-Fer. 

By the principle of gnomonic projection, the great cir- 
cles of alignments are represented by straight lines, but 
these, in their development, assume the form of a poly- 
gon. An accessory map furnishes the means of construct- 
ing the polygon, determined by one of its sides, or by 
two points belonging to two diflferent faces. 

H. NoUce on tlie niap of the globe in gnomonic projection , 
pointing out its advantages not merely to geology, but to 
hydrology and meteorology. (Transactions of the Academy 
of Sciences, 1878.) 

K. Studies of systems of alignments on the (piomonic ocUh- 
plfmisphefc ^ affording, with or without the tracing of the 
pentagonal rdseau, the principal systems of alignments 
described in the paper of M. B. de Ghancourtois, before 
mentioned (D). 

L. An explanatonj notice more detailed than the pre- 
sent accompanies the models , maps and drawings exhi- 
bited under number LXl , and terminates by showing their 
correlation. It indicates the part taken in the preparation 
of this exhibition by M. Beguyer de Ghangodrtois, engineer 
in chief of Mines and professor of geology at the National 
School of Mines, and also mentions the names of his 
fellow contributors. 



MAP OF THE BEDS OF PHOSPHATE OF LIME 

KNOW^ OB ACTUALLY WORKED I^ KRXINCK. 



Sinci! the year i855, the extraclion of phosphate of 
lime hcis attained a great development. The etploralioiis 
uadertakcn by M. da Moloa, according to the geological in- 
dications furnished by M. Elie de Beauniuiit. showed lliat 
phosphate of lime, in concreted nodules, existed along ail 
the outcrop of greensand in the north and north-east of 
France, the Pas-de-Galais , the Ardeoiies, the Mouse, etc*. 
Its existence was also established under analogous condi- 
tions of deposit, in ihe Perte-du- Rhone (Ain) and ia the 
Drome. More recently M. Poumar^de discovered the beds 
of phosphorite al Quercj ( Lot and Tarn-et-Garonne), while 
nodules were observed al various levels in the chalk for- 
mation. At length \1. de Molon discovered phosphorite at 
the base of the lower oobthe, in the department of Calva- 
dos, but up to lliis lime no attempt has been made la 
work this deposit. 

The agricultural importance of this mineral is such 
that it has been deemed necessary to delineate, on a spe- 
cial map, the various deposits known or worked in French 
territory. 

In the following classification dilTerent colours are used 
to dislinguish ihe various deposit: 

I. TItc Uttiarif tfepogtlt, viz. those of Tarn-el-tlaronnc. 
the Lol (or Quitc) )aii(l the Aveyron, where the concn'ted 
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phosphorito fills the hollows and fissures of the Jurassic 
limestone. The advent of the mineral matter appears to 
have coincided with the appearance of iron in n {jranulated 
form and the deposit of Parisian gj'psum. 

The phosphorite of this region, called Quercy, contains 
as much as 70 p. 0/0 of phosphate of lime. A large quan- 
tity is sent to England, where, by the aid of sulphuric 
acid, it IS changed into superphosphate. This process is 
also carried on iti France, at the works of Chauny, through 
the agency of the Society of Saint- Gobain. 

In the Lot, the Tarn-et-Garonne and the Avevron, this 
mineral is worked in more than 35 communes. But the 
deposits are so thin that no great length of time can 
elapse before their exhaustion. 

a. The deposits in the upper chalk, viz. those observed by . 
M. Meugy in the tun de la Flandre, at the base of the 
white chalk and at various depths in the chalk of the Ar- 
dennes; also those remarked by M. Guillier in the chalk 
of the Sarthe, and those in the Ardennes at the base of 
the chalky marls, in which the phosphate is often found 
in the form of coprolithes. 

3. Tlic deposits in the greensand. These are the most 
abundant and most regular, and form beds of concreted 
nodules and fossils transformed into phosphate of lime 
and of iron; (hey are found in the green chalk, in the 
clay and the greensand. Till lately, the greensand depo- 
sits were only worked on the eastern border of the Pari- 
sian basin , but they have been recently discovered on the 
southern side, and are worked at Vailly near Sancerre, in 
the department of the Cher. 
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II The (leposiUs capotik- of bciny |irotitably worked are 
o^rated on the ma|> hy a dark lint, while those in wliich 
ihe nodnles are disseminated in small quantities, are dis- 
linf^uished by a light tint. 

In i8y3. the qiianlily cvtracled In Uie department of 
ibe Meuse allainodio A 1,000 tons, and about a3.ooo tons 
in the Ardennes. It is estimated that Uie department of 
the Meuse can supply 80 millions of tons of nodules, two 
thirds of whirh can be eitracted in open air or bv Kttlr 
shafts. The olber third will require regular underground 
working. 

The average quantity of phosphate of time rontaincd 
by the nodules varies from ^Q to 5o p. 0/0, and the 
price is from -ig to 3i francs per ton. 

In the Pas-de-Calais, ibe average is comprised bftween 
'i-j and 00 p. 0/0, and Ihe price per Ion. pulverized, is 
from ho to 5o francs. 

The nodules of the Perte-du-Rhflne contain 5o p. 0/0 
of phosphate, and those of Glansayes. in the DrAme. 

35 p. 0/0. 

The phosphate nodules eveiywhere accompany the 
outcrop of greensand, but in Normandie, as also in the 
Orne, the Ni^vre, the Youne, tbo Aube and tlic Marne, 
the beds are not suQiciently lai^je to be worked proli- 
tably. 

4, -1 nfieeial Unt has Inxn tiAojited for ihe both of j)ho.iplwrite 
which do not enter into any of the preceding categories, as 
in the case of those disseminated in the Jurassic formations 
or ihe older rocks (apatite de Chanteloube). Microscopic 
i-xaminaliun has lalelv shown that a great number of ihe 
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primitive rocks contain apatite in close alliance, but this 
substance has not yet been found in paying quantities. 

The map has been drawn by the aid of documenis fur- 
nished by the museum of mineral statistics of the School 
of Mines, completed by the observations of M. d'Amblv, 
engineer in chief, and MM. Laghat, Ghosson and Nivoit, 
resident engineers. 

The work was executed under the direction of M. Dal- 
BRjiE, inspector general, member of the Institute, director 
of the National School of Mines, bv M. dk L^ppaoem, re- 
sidcnt engineer, assistant conservator of the collections 
of departmental statistics, with the aid of M. Lejard, 
draughtsman. 
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' Lxin 
HVDROLOGIC MAP 

OK TllJi DEJPABTMENT OF THE SEINE \M) MAIIhE. 



\l..p oil « SL'ali! ul -^j^ (oiw liiiiiilriid lliuiiiiuiidlli ). 

The hydroiogif majt ol' tlie department of tlie Seiiie- 
ft-Marne shows the suhterranean sheets of water in the 
region of the Brio, fignred in convenlionai colours. Their 
form has also heen determined, in accordance with a geo- 
logical survey of the subjacent strata, as well as the levels 
taken in a system of wells or shafts. Their upper surfape 
is represented by the numbers above the level of the sea, 
which have been obtained for each shaft, and by horizon- 
Itil curves ao metres apart, so that it is easy to under- 
stand their mode of llowinfj. 

In the region of the Brie, the principal underground 
waters capable of being clearly defined correspond to liie 
most important clay strata, i, e. to the green and plastic 
clays, iind in sonic hills, tn the millstone clays of the 
Beaucp. 

In addition to this, the subterranean sheets attributed 
to liltration correspond to the various water courses 
which traverse the Brie, and especially to rivers like the 
Seine and Marne. 

That borne by the green days is by far (he uitisl iui- 
[lortanl , since il supplies the wells of llie plateau of Ihe 
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. Brie, while in the valleys the wells are supplied by the 
filtration of the subterranean sheets. 

The hydrologic map of the department of the Seiiie- 
et-Marne indicates the relief of the surface bv means of 
horizontal curves, determines the depth at which tlie 
subterranean sheets of water can be reached, and shows 
the relations existing between the sheets of water and the 
geological formation of the ground. It shows, in parti- 
cular, the action of the waters in a permeable soil, such 
as chalk, a consideration entitled to some attention at 
the present time, when the project of a tunnel, be- 
tween France and England, is being contemplated. 

This map was drawn by M. Dblbsse, engineer in chief, 
professor at the School of Mines. 
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XOmCllLTI RAL MAP OF FBANCK. 



On tliis map the different cullurea are shown by i-im- 
venlional colours, of which the shndes arc deeper as the 
revenue is more ronsiderable. 

The products of the orabiti lands which occupy the 
Ijreslest pari of France vary every year, hut it is sliil |ios- 
sihle lu estimate in money the average annuul revenue 
per hectare. By studying the amounts jriven tor the can- 
tons, and keeping well in niind the form of the laLlcr, as 
well as the altitude and niineralogiial romposilion of the 
soil, curves have heen traced corresponding to annual 
ravenues of so, ^o, Co, Ho, loo and lao fi'ancs. 

For the woods, meadows, and vines, of which the cnl- 
livulion is permanent, curves indicaliog ecjual revenue 
have heen traced, according to the averagt- per hectare. 

Their conventional colours being asuignod to the woods, 
meadows, anil vines, the shades have been graduated ac- 
cording to their revenues, and they are limited by the va- 
rious curves which correspond to them. 

The map c^ihibited is a reduction of the work to the 
very small scuie of i, 000,000: it however furnishes a 
means of appreciating the distribution of the tigri cultural 
riches of Krance. 

This map «a^ drawn bv M. Ohi-essb, engineer in chief, 
professor ill the Scho.il ..f Mines. 
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GEOLOGICAL PROFILE FROM PARIS TO BREST. 



Scale of j^^ (one forty thousandth) for the lengths. 
Scale of -—^ (one two thousandth) for the heights. 

ft 

The profile follows the track of the railway which, 
starting from Paris, passes through Boiineval, Chateau- 
dun , Ven(16me , Tours, Angers, Nantes, Vannes andQuim- 
per, and terminates at Brest. Several classic regions are 
traversed in this journey, which embraces the Parisian 
basin, the Beauce. Touraine, the valley of the Loire and 
a part of Bretagne. 

On this profile may be followed in succession the dif- 
ferent geological formations which have been marked all 
along the line of railway. Their position is specified by 
their elevation above the level of the sea, so that not- 
withstanding the exaggeration of the scale of heights^ it 
is easy to understand, their relative bearings. 

In the region of the Beaucc, the subterranean sheets of 
water have been specially studied. 

The profile also furnishes particulars respecting the 
materials of construction supplied by each geological for- 
mation , as well as upon the vegetable soil and the nature 
of the cultivation. 

Geological studies of this character would be eminently 
useful , if undertaken before the execution of a line of rail- 
way, since they would give a just idea of the diificullies' 
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to be encountered in its construction, and would point 
out the resources to be calculated u|>on in the districts 
traversed. But even when made after the completion of 
the line, thev still afford data valuable to science and to 
industn. 

By order of M. de Franqueville, director general «des 
Fonts et Chauss^esr and of Railways, these geological 
studies have been pursued byM. Mille, inspector general, 
in a great part of France. 

The geological profile from Paris to Brest has been 
executed under the direction of M. Mille. engineer in 
chief ^des Fonts et Chauss^esr, by MM. Trigbr. civil engi- 
neer, Delesse, engineer in chief of Mines. Thor£, n*sident 
engineer «des Fonts et Chauss^esr, and Guillibr, con- 
ductor r.des Fonts et Chaussees??. 
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IJTHOLOGIC CHART 

OF THE SEAS OF EUROPE. 



A chart. 



This chart is drawn according to the hydrographic 
works, and shows the nature of the rocks found at the 
l>ottom of the European seas. 

The basins of these seas are indicated, in the (irst 
place, by horizontal curves, traced according to the depths 
given by numerous soundings. The rocks distinguished 
nro the various stony rocks, clay , mud, sandy mud, muddy 
sand, sand, gravel and shingle. They are represented by 
conventional colours, as in works on geology, but one 
colour indicates only one lithological character. Deposits 
rich in shells have also been marked out and are indicated 
by hatchings. 

Amongst the rocks forming the bottom of the seas , some 
are anterior to the present epoch and are wearing away 
by corrosion, so that they arc not covered by deposits. 
They may be stony, as granite, sandstone and limestone, 
but they are often soft, as clay, or even completely mo- 
vable, as sand and shingle. These rocks anterior to the 
present epoch are specially noticed whore prominences 
occur, as in straits, and generally in those localities 
\\lKTe (he action of currents is particulary strong. The 
rocks belonging lo deposits of Ihc present epoch are esson- 
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tially' movable, and fill those parts which present hollows 
or depressions. They also cover the plateaux , and accu- 
mulate more especially in bottoms over which the water 
passes slowly. 

The geologic study of the coasts, compared with the 
results of soundings, sometimes assists in tracing under the 
sea the continuation of the rocks which are out of the 
water; it also allows some outlines of a sub-marine geolo- 
gical map to be sketched. 

This chart is the work of M. Dblbsse, engineer in chief, 
and professor at the School of Mines. 
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VEMILATION OF THE GLAZED COURT 

OF THE LABORATORIES OF THE SCHOOL OF MINES. 



Three drawings ^*' . 
1 . Plan. — -J. SccLion of the breadth. — 3. Section of the length. 

These drawings show the whole of the glazed rooms 
and the sand-baths, the fireplaces of which warm the 
great metal chimney^ and create the draught. This chim- 
ney receives all the noxious gases from the glazed rooms, 
as well as the vapours from* the sand-baths. 

The great chimney in copper is supported by a stone 
[lillar, to which are attached the granite washing stones. 

The upper part of this chimney is surrounded by a 
glazed covering or sky-light, with a round orifice to let 
out the air more or less impure. 

Four air-shafts lead from the cellars to the surface 
and on each side of this court. 

This project is due to M. Wallez, architect of the School 
of Mines. 

-'^ These three drawings arc accompanied hy a frame containing four 
engravings , representing : 

The plan of the whole of the buildings of the School of Mines; 

The plan of tlie ground-floor of the laboratories ; 

The plan of a pupiPs laboratory, and plan.s and serlions of a saml-halh 
ill a pupils' liiboratory. 



NATIONAL SCHOOL OF MINIlS. 



I^STITUT)0^ AM) OBJKCT OV the SCHOOl,. 

This School »Rs lirsl instflulcd in 177H, niid subst;- 
quently re-established in 1 S 1 (i. The rontrol is vested in 
the depBrtment of I'uhllc Works, and its jirintipal ohject 
is.to ftiniish the training and instruction necessary for 
the engineers required by the Government for the niininfj 
service, 

(ndependenlly of ihe i-nffineer pupils, the School receive* 
t'li^vps extern es , foreign pupils {iHrang^i\. iind.pujfils unat- 
tached (/(Are*). 

Thep»^'nFerpu[>ils. who are taken exclusively from pu- 
pils k'iivinjj the Polyleehnic Schotil, are alone el ifphltf for 
the CovernmenI service, and are nominuled by decree. 

The el^ves e-rlerim are prepared lor ihe various posi- 
tions, offered by lommerre and niannfacliires. and in par- 
ticular to enable them to heconn? engineers or direrfois 
of mines or mineral works. 

They are admitted by compelilion. conformably lo ihe 
annexed double programme "'. 

Theybre'^ pupils are admitted by a decision of the 
Minister, on the reipiest of the ambassadors or charges 
d'affaires of ffireif;n powers. 

The pupils unatlached (lilirp.t) are, at their own re- 
in Sno ilmnmmt> prrsnirr-rf N, llip |li.iv«r«.l Eiliihili™ M l>hila.l>-l|it>i'> 
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quest, simply authorised by the Minister to follow the stu- 
dies and lectures of the SchooL 

The course of study is the same for the various pupils, 
but the foreign and unattached pupils can only partici- 
pate in the practical exercises, in proportion to the num- 
ber of places disposable, in the laboratory and in the 
drawing school. 

At the close of each scholastic year, the engineer pupils 
and (^l^ves externes pass examinations on the courses fol- 
lowed. The foreign pupils have the option of presenting 
themselves, but the unattached pupils are not admitted 
to these examinations. 

On leaving the School the engineer pupils are appointed 
resident engineers of the 3"* class, and the Aleves externes 
whose acquirements are satisfactory receive a certificate 
of merit and are authorized to bear the distinction of cer- 
tijtcated [brevetds) puptU of the National School of Mines in 
Paris, 

The foreign pupils receive simply the certificate of 
merit. 

PREPARATORY COURSE. 

To facilitate admission to the rank of Aleves externes, 
preparatory courses were instituted at the School of Mines, 
by a ministerial decision of 96*'* December 18/i/i. These 
courses are followed by two classes of pupils : 

The titular pupils of the preparatoj-y courses are admitted 
by the Minister after a competitive examination , and the 
unattached pupils, either French, or foreign, who are 
simply authorized by the Minister, on making personal 
application. 
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The pupils ol' ihe iirst of ihcsu ilivieions, only, arc ri'- 
({uircd lo pass an examination at the cinsp o( ihe scholaslii' 
year, 

Candidales for the position of titular piipil in the prr- 
piiralory course nipsl fulfil Ihc conilitions required in thf 
annexed programme. (Preparatory courses.) 

The preparolnry studies consist of four oral courses of 
lectures and practical exercises. 

The courses comprise : 

i' Ideas of infinitesimal analysis and mechanics; 
•m' a' Descriptive geometry, pure and ap|itied; 
"■3° Physical sciences, in relation to gas and vapours, 
heat and optical inslruments: 

A' Chemistry in general. 

Two of these courses consist of a5 to 3o lectures, and 
the other two, of 55 to 60 lectures given from the ^'''No- 
vemhcr to the end of May. 

The programme of the courses is the same as that of 
the studies required for admission to the places of (^levos 
externea, wilh the exception of geography and rosmo- 
graphy. 

The practical exercises consist in geometrical drawing 
and shading. 

COCnSE OF TIIE SCUOOL UK MINES. 

The principal objects of the instruction given at the 
School are the opening and woi^ing of mines and the 
treatment of mineral suhslances. 

It embraces three years of study , and comprises, in ad- 
dition to the lectures, practical exercises and travelling 
studies. Ill r ■ , II- ii.'.r " .1'. 
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The pupiis of ihejirsi yeat- attend the seven courses of 
working and machinery, metallurgy, mineralogy, assaying, 
geology, paleontology, and drawing plans. 

The pupils of the secoruf year, the second part of tho 
four courses of working and machinery, metallurgy, as- 
saying, and geology. 

The pupils of the third year, the four courses of in- 
dustrial constructions and railways, mining legislation, 
administrative law and industrial economy, agriculture, 
drainage, irrigation and military fortification. 

The oral teaching comprises in addition German and 
English, and the pupils are compelled to attend the course 
of one of these foreign languages. 

The oral courses open each year, from the 7**" to the 
I 5*'' November, and close on the 1 5*'' April. 

The practical exercises are thus divided : 

During the term of study, the pupils of the first and 
second year work alternately in the laboratory and at 
drawing; they also study the collection of the School of 
Mines and visit the manufactories and works in the neigh- 
bourhood of Paris. 

After the May examinations, the pupils of the first year 
are exercised in chemical analyses till the 1 5*'' July, and 
in plan-drawing till the 1 5*** August. The vacation com- 
mences at that date, but they are expected to visit, for 
three weeks in September or October, one of the principal 
mining and smelting districts in France or Belgium. 

During the first fortnight in June, the pupils of the se- 
cond year attend a course of geology undcu* the direction 
of their professors, and afterwards in the summer they visit 
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various mining and manufacturing districts, in accordance 
with a programme drawn up by the Council of the School. 
On their, return they communicate their impressions in 
reports illustrated by drawings and sketches. 

Each pupil of the third year is expected to draw up a 
plan of working (exploitation) and a plan of metallui*gy, 
and to terminate the third scholastic year, the engineer 
pupils make a second journey for instruction, of about a 
hundred days. On their return, they are obliged, as before, 
to draw up reports on the different establishments to which 
their attention has been drawn. 

The second journey is optional for the ^l^ves exteriHJs. 

INTERNAL REGULATIONS. 

The pupils are expected to remain at the School every 
day during the hours allotted to the courses of study and 
practical exercises, neither can they leave the School be- 
fore the appointed time, unless authorized to do so. by the 
inspector of studies , or the director. 

A muster is made in order to ascertain the presence 
of the pupils at the time appointed. 

No pupil is allowed to be absent for one or more days , 
without the permission of the director or inspector of the 
School. 

For constant attendance at the courses and practical 
exercises, marks are awarded to the pupils, which in- 
fluence their definitive classification. Default of assiduity 
involves the loss of a certain number of these marks, and 
renders a pupil liable to expulsion from the School. 
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KXAMLNATIOXS. 

Fl\aii)inatioiis take [)lace at the close of (he scholastir 
year, upon ail the subjects, including the foreifjn lan- 
f^uages (German and English). 

Alt include an oral examination, in addition to a written 
composition. 

Rising from one division to another, and the definitive 
classification of the pu|)ils, depend upon the number of 
marks obtained in all these trials collectively, including 
constant attendance at lectures and practical exercises. 

On leaving the School, the engineer pupils choose, in 
order of prece<lence, among the residences or positions 
\nccint, and the Aleves externes who have gone through 
the degrees required, receive the breiyet spoken of at the 
commencement of this notice. 

Prizes are awarded to the engineer pupils and the Aleves 
externes who have distinguished themselves by their work 
at ihe School or by their travelling journals. These facts 
are mentioned in the brevets. 

The authorities of the School cannot guarantee appoint- 
uients for the Aleves externes, but generally speaking, the 
influence and connections of the School are sufficient to 
|)r()cure positions more or less lucrative for most of the 
good pupils. 

tSSAY OFFICE FOR MINERAL SUBSTANCKS. 

This olhce has been established near the laboratory ol 
the School of Mines since i 865. Its special duly is to make 
analyses of mineral substances, which may b*' reqniriMl 
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by the various industrial interests, proprietors of iron- 
works, mines, etc. Any person wishing a substance to be 
assayed, must leave the specimens at the School of Mines, 
accompanied by the necessary details of locality and cir- 
cumstances of deposit. No payment is received for assays 
made in the interest of mining. A report of the proceed- 
ings of the assay office is published every year in the 
Journal officieL 



NOMENCLATURE OF DOCUMENTS 

PRRSRNTBD TO THR UNIVERSAL EXHIBITION AT PHILADELPHIA. 

II volumes 8* and V. 

Programme of admission to the preparatory and special 
course of the National School of Mines. 

Detailed programmes of the preparatory and special 
courses of lectures delivered at the School of Mines. 
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VAUIOIS INDISTUIES ENGAGKl) 

l^ THE KNSTALLATIO^ OF THK OBJECTS 

EXHIBITED BY TUE IIINISTRY OK I'UBLIC WORILS. 



LXIX 



Iron frame of the Exhibition pavilion of the Ministry 
of Public Works, executed bv A. Moisaul, builder of iron 
constructions, Paris, tie. Boulevard Vauyirard; 

LXX 

Glazed terra cotta tiles of the vestihule and facade of 
ihe Exhibition pavilion, executed by E. Mailer and Com- 
yany, at Ivry near Paris, 6, Rue Nationale. 

LXXl 

Mosaic paving in ceramic ware, of the vestihule of the 
Exhibition pavilion, executed by Sitnomt and Company, at 
Cateau, in the department of the Nord. 

LXXII 

Wooden gates of the vestibule of the Exhibition pavi- 
lion, also wainscot frames of drawings, executed by lion- 
homme, uncle and nej)lww, Paris, lui, Hue Nolre-Dauje- 
des-Chajups. 
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